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EXECUTIVE SUMMARY 
Effective management of multi-species fisheries requires reliable estimates of the 
amount and composition of catch and bycatch. In this report, w e  present the results of 
analyses of observer program data performed t o  compare several different estimators of catch 
and catch composition. Our analyses were applied t o  1994 data collected in t w o  fisheries 
selected based on data availability, representativeness, and economic importance: the walleye 
pollock and yellowfin sole fisheries in the USEEZ of the Eastern Bering Sea. We developed t w o  
statistical estimators of fleetwide total catch using data from the observer program and 
compared those estimates t o  three other estimators representative of the metrics currently 
used in managing these fisheries (WPR, OTC and blend). We evaluated the extent t o  which 
the precision of the catch and bycatch estimates as well as several biological population 
parameters would change in response t o  modifications of observer sampling protocol. In the 
pollock fishery, our adjusted OTC and WPR estimates of total groundfish landings for A and 
B seasons fell below the lower 95% confidence limits for our t w o  statistical estimates, but 
our synthesized blend estimate fell within the 95% confidence limits of the statistical 
estimates. All f ive estimates were within 5 %  of each other in magnitude. In the yellowfin 
sole fishery, our adjusted OTC and WPR estimates of total groundfish catch, as well as our 
synthesized blend estimate, all fell below the lower 95% confidence limits of our t w o  
statistical estimates, wi th the statistical estimates being about 10% higher than the other 
estimates. Statistical estimates of individual species catch in both fisheries were, in  most 
cases, higher than estimates derived from our synthesized blend estimates of total groundfish 
catch, with the largest differences among estimates occurring for the least abundant species. 
Results demonstrate the feasibility of the use of statistical estimation for the management of 
the fishery, suggest that its application would have resulted in attainment of TACs earlier than 
would have been the case using the blend procedure, but do not provide a basis for 
establishing the sources of bias that may be responsible for the observed differences among 
the five estimates. The use of the delta-distribution in conjunction w i th  the ratio estimator 
yielded the most statistically efficient estimates of individual species catch for most species 
(i.e., estimates wi th the smallest coefficients of variation). Statistical estimates of individual 
species catch derived using the delta distribution were, in nearly all cases, higher than 
statistical estimates derived without the delta distribution and higher than estimates derived 
from blend estimates o f  total groundfish catch. 
Substantial differences in haul variability exist among vessels participating in the 
fishery, such that the same magnitude increase in fraction of hauls sampled may result in  
substantially different magnitudes of decrease in coefficient of variation (CV) for different 
vessels. The precision of statistical estimates of fleetwide catch in both the pollock and 
yellowfin sole fisheries is more dependent on the proportion of vessels observed than on the 
fraction of hauls sampled. Precision of the estimates o f  prohibited species catch derived from 
observer data improved wi th  increases in the fraction of hauls sampled. Most biological 
characteristics of catch in the pollock fishery could be estimated t o  an acceptable level of 
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precision with fewer fish than are sampled under current protocols and, in the southeast 
region, with sampling of as few as 20% of the hauls. However, substantial differences exist 
among regions and biological characteristics in  what would constitute an optimal sampling 
regime for all biological characteristics. 
We offer the following recommendations: 
a If it could be demonstrated that the 1994 data are typical for groundfish 
fisheries, our results suggest that statistical procedures should be used for catch 
estimation, in lieu of the current blend procedure. The advantage of statistical 
estimation of both total groundfish harvest as well as individual species catch 
is that the degree of uncertainty associated w i th  the estimates could be taken 
into account in tracking cumulative harvest and addressing the need for season 
closures, a consideration not available t o  managers under the current estimation 
protocols. Fisheries managers should evaluate, based on these findings, 
whether the observer coverage of vessels is sufficiently high t o  yield levels of 
precision that satisfy management objectives, and modify coverage as 
necessary. 
Complete observer coverage of the CDQ pollock fishery should be maintained, 
since any reduction in observer coverage would result in substantial reduction 
in precision of estimates of total groundfish as well as individual species 
catches. 
Several statistical estimation procedures suggested in Section 5.0, should be 
considered by managers for their logistical feasibility. The suggested 
procedures would provide additional types of data for statistical estimation, and 
could enhance the optimization of the observer effort available t o  the program 
overall. 
Fisheries managers should consider the ratio estimator w i th  delta as the 
preferred individual species catch estimation method because of its high 
efficiency; however, statistical estimates of individual species catch derived 
using the delta-distribution tended t o  be higher than those derived without the 
delta-distribution and those based on the blend estimate of total catch; our 
comparisons among estimation methods do not provide a basis for establishing 
biases inherent in any of the methods and thus their validity; the validity of the 
most efficient estimators of single species catch should be established through 
simulations, applying the individual estimation methods t o  a data with a known 
underlying distribution. 
0 Guidelines should be developed for sampling for biological characteristics o f  
catch that take into account the differences that exist among regions and 
among biological characteristics. Our results illustrate that observer effort  
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devoted t o  sampling for species population characteristics could be optimized 
in terms of fraction of hauls sampled and number of fish sampled per haul t o  
achieve higher levels of precision in estimates of those characteristics than may 
presently be the case. 
It would be appropriate t o  repeat analyses such as these on data collected in 
different years, when stock abundance, composition and distribution might 
differ from that occurring in 1994. Such additional analyses would permit 
assessment of how robust these analytical approaches may be, given annual 
variability typical for the fisheries considered; the Fortran programs developed 
as part of this project would allow AFSC t o  conduct these analyses. 
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I .0 INTRODUCTION 
1 . l  THE ALASKA GROUNDFISH FISHERIES AND THE MAGNUSON ACT 
The North Pacific Ocean is highly productive, supporting many of the world's largest 
populations of groundfish', salmon, crabs, marine mammals, and seabirds. Large-scale 
commercial fisheries for groundfish in Alaska waters were developed and dominated by foreign 
fleets from the early 1950's until the Magnuson Fishery Conservation and Management Ac t  
(MFCMA) was passed in 1976. The Magnuson Act, which went into effect on March 1, 
1977, created federal authority t o  manage living marine resources in  the Exclusive Economic 
Zone (EEZ), extending 200  miles off  the U.S. coastline (see, e.g., French et al. 1982). 
Following the passage of the Magnuson Act, large-scale commercial fisheries in  the EEZ, that 
were previously dominated by  foreign vessels, were replaced by joint ventures between foreign 
factory ships and U.S. catcher vessels. Since the late 1 980s, the fisheries have been almost 
exclusively domestic. The Alaska groundfish fishery is now a major industry w i th  total 1992  
groundfish catches generating ex-vessel revenues of $658 million. 
The EEZ off  Alaska extends 200  miles offshore, encompassing waters of the Gulf of  
Alaska and the eastern Bering Sea, otherwise known combined as the Bering SealAleutian Is- 
lands (BSAI) region. Within the BSAI region, the pollock fishery occurs in three localized areas: 
eastern (Bering Sea); Aleutian Islands; and Central Bering Sea - Bogoslaf. Annual harvest of 
groundfish from these highly productive waters is about t w o  million metric tons. The offshore 
fishery includes a mixed fleet of Seattle-based factory trawlers, motherships (i.e., seaborne 
processing plants), and their accompanying catcher vessels. The inshore fishery consists of 
Alaska-based vessels that deliver fish to  processing plants on shore. Four basic types of 
fishing gears are used in the EEZ; (1) trawls, (2) hook-and-line, (3) pots and traps, and (4) jigs. 
The fishery for walleye pollock (Theragra chalcogramma) accounts for about 7 0 %  of 
the total catch of all species in the EEZ (Herrick et al. 1994). Other commercially important 
fisheries include Pacific cod (Gadus macrocephalus), yellowfin sole (Limanda aspera) and 
several other species of sole, Pacific halibut (Hippoglossus stenolepis), Alaska plaice 
(Pleuronectes quadrituberculatus), sablefish (Anoploma fimbria), Pacific Ocean perch 
(Sebastodes alutus), and other rockfishes (Megrey and Wespestad 1990). The Magnuson Act  
brought fisheries for these species (except halibut) under the control of the U.S. government 
in 1977 (French et al. 1982). 
 ro round fish" are defined as fish that are subject to the Federal Groundfish Regulations for the 
U.S. off Alaska. Groundfish means pollock, cod, any species of flatfish, any species of flounder and 
sole, Pacific Ocean perch, thornyhead rockfish, other rockfish, sablefish, Atka mackerel, squid, 
octopus; all other marine invertebrates except shrimp, scallops, snails, king crab, Tanner crab, 
Dungeness crab, horsehair crab, lyre crab, coral, and clams; and all other finfish except salmonids, 
steelhead trout, Pacific herring, and Pacific halibut. 
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Alaska's groundfish are managed by t w o  fishery management plans: one for the BSAl 
region and the other for the Gulf of Alaska. Thus, they are under constant watch by the North 
Pacific Fishery Management Council. Pacific halibut are not part of the groundfish fishery 
complex. They are managed by the International Pacific Halibut Commission (IPHC). While 
an important component of the bycatch in the groundfish fishery, halibut is designated as 
prohibited species catch (PSC) in that fishery. 
1.2 THE NORTH PACIFIC GROUNDFISH OBSERVER PROGRAM 
The North Pacific Groundfish Observer Program (NPGOP or Observer Program), a key 
component in effective management of fisheries in  the Alaskan EEZ, started as a means of 
monitoring foreign fishing vessels during the mid 1970s. The primary objectives of the 
program (AFSC, 1995) are to: 
m provide independent estimates of catch weight; 
determine the species composition of the catches; 
determine prohibited species catch (PSC) quantities; 
m record incidental kills of marine mammals; 
collect biological data for estimation of critical parameters for target species, 
prohibited species, and other species of interest; 
monitor for compliance t o  fishery regulations. 
The sampling protocol and measurements collected by  the observers are described in 
the "Manual for Biologists Aboard Domestic Groundfish Vessels" (AFSC, 1995). The general 
instructions ask that observers collect random, unbiased samples from the catches so that 
data represent the vessel catches over time. 
During the first year of the program, observers covered between 9 %  and 1 4 %  of the 
fishing days conducted by foreign vessels in the Bering Sea and Gulf of Alaska. Later, 
observers were also placed aboard domestic vessels. In 1990, 100% observer coverage 
became mandatory on vessels larger than 125  feet; f t  ( 3 8  meters; m); vessels between 6 0  
f t  (1 8 m) and 125 f t  (38 m) have observer coverage 30% of the fishing days; and vessels less 
than 6 0  f t  (18  m) may be required t o  take observers if deemed necessary by the National 
Marine Fisheries Services regional director (Megrey and Wespestad 1990; NPFMC 1989a, 
1989b). During 1994 observers also collected data at approximately 21 shoreside and 1 8  
floating processors. 
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Data gathered by the Observer Program are used t o  estimate catch size b y  species, 
bycatch (the inadvertent capture of nontarget species), and population parameters that are 
crucial for managing and conserving the fisheries in the EEZ off Alaska. Regulatory discard 
occurs when species are in "bycatch only" status and the maximum retainable bycatch (MRB) 
percentage is reached (based only on weight, not size or age.) Economic discard occurs when 
the vessel operator chooses to  discard fish, often small individuals, that cannot be processed 
or may take up hold space which he prefers t o  fill wi th more valuable products. The Observer 
Program provides data detailing catch location, duration of hauls, catches of target and 
nontarget species, discards, and biological measurements of target species and other species 
as necessary (Megrey and Wespestad 1990). The observers report sampling data t o  the 
inseason staff at the Alaska Fisheries Science Center (AFSC) on a weekly basis. The weekly 
observer reports (WOBS) include information on the total number of hauls or sets, the hauls 
sampled, and the weight of groundfish by species for the hauls sampled. The AFSC Resources 
Ecology and Fisheries Management Division uses the biological data collected by  observers t o  
construct age-length keys and estimate critical growth parameters. 
1.3 INDUSTRY REPORTING REQUIREMENTS 
Commercial fishing regulations for U.S. fishermen targeting groundfish in the BSAl 
region require that operators of processor vessels that conduct fishing or receive groundfish 
catches from any reporting area in the BSAl region anytime during the fishing year submit 
Weekly Production Reports (WPR) to  the NMFS Regional Office in  Juneau, Alaska. The 
managers of shoreside processors that receive catches from these areas also are required t o  
submit WPRs. Processors are required t o  submit WPRs even during periods of zero catch. The 
reports include information on the reporting area, gear type, and weights of product and 
discarded groundfish in metric tons (mt). The shoreside processing plants are also required t o  
report the weight of the groundfish landings for the State of Alaska fish t icket reporting 
system. 
1.4 INSEASON MANAGEMENT 
The management of groundfish fisheries in the BSAl region is based on various harvest 
limits, socioeconomic considerations, and time and area closures. Management measures 
based on harvest limits specify that: 
l Total allowable catch (TAC) of all groundfish species combined must be within the 
optimum yield, ranging from 1.4 t o  2.0 million m t  in recent years; 
l TACs for each target species and "other species" category are set for each calendar 
year by NMFS, after consultation w i th  the North Pacific Management Council 
(Council); 
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Limits for prohibited species bycatch quantities (PSC) may be in effect for any of 
the species of Pacific salmon (Oncorhynchus spp.), steelhead trout (Oncorhynchus 
mykiss), Pacific halibut, Pacific herring (Clupea harengus pallas~l, king crab 
(Paralithodes spp. and Lithodes spp.), and Tanner (snow) crab (Chionoecetes spp.). 
Prohibited species bycatch quantities are defined as the ratio of total weight or total 
number of prohibited species t o  the total weight of all species (see Kappenman, 
1992). 
The Vessel (Bycatch) Incentive Program (VIP) holds operators of individual trawl 
vessels accountable for their bycatch of halibut and red king crab (Paralithodes 
camtschatica) during their participation in specified groundfish fisheries. NOAA 
establishes an acceptable bycatch limit for each fishery monitored under the VIP; 
violations of bycatch limits for individual vessels are defined relative t o  these 
standards. 
Maximum retainable bycatch quantities are used t o  regulate the incidental harvest 
of species and species groups that are closed t o  direct fishing. 
The BSAl groundfish management plan establishes an annual 2 million metric ton 
cap on groundfish catches, which may prevent harvesting of the full TAC for some 
species. 
Socioeconomic management measures include Community Development Quotas (CDQ). The 
Community Development Quota is federal program that was developed t o  enable residents of 
rural coastal communities in western Alaska t o  participate in the groundfish fishery off  their 
shores in a way that will bring significant economic development t o  the Bering Sea region. The 
CDQ program is administered jointly by the Alaska Departments of Community and Regional 
Affairs (lead agency), Commerce and Economic Development, and Fish & Game. 
The CDQ program allocates 7.5% of the total-allowable catch (TAC) of the BSAl pollock 
fishery, as well as a portion of the halibut and sablefish quota, t o  eligible communities in  that 
region. Full implementation of the CDQ pollock fishery began in December 1992, and in March 
1995 for the CDQ halibut and sablefish fisheries. The halibut and sablefish CDQ program is 
granted in perpetuity, and the pollock program has been extended by the North Pacific 
Fisheries Management Council (NPFMC) until 1998. The State of Alaska is responsible for the 
administration and monitoring of the program. 
For inseason management based on TACs and bycatch caps the fishery is closed once 
the estimated catch and bycatch equals the threshold values specified in the management 
plan. The incidental catch of Pacific halibut, king crabs and Tanner crabs o f f  Alaska now 
restricts expansion of some groundfish fisheries. When halibut and crab bycatch limits are 
reached, some groundfish fisheries are closed before harvesting the quota of groundfish 
(currently set at 2 million mt). Bycatches of chinook (Oncorhynchus tshawytscha), chum 
(Oncorhynchus keta), and other salmon are also significant problems in the BSAI region. 
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1.5 OBJECTIVES OF THIS STUDY 
Effective management requires reliable estimates of catch and bycatch. Imprecise 
estimates can result in actual harvest quantities exceeding biologically desirable limits or in 
fisheries being closed prematurely, resulting in adverse economic impact t o  the fishing 
industry. Each factor involved in estimating the threshold values (e.g., TACs) can affect the 
reliability of the estimates that provide the basis for decisions on closing fisheries. Also, the 
design and procedures for collecting data in the Observer Program should be optimized t o  meet 
the many possible uses of the data most cost effectively. Perhaps of greatest importance is 
that the current inseason management regime requires accurate fleetwide estimates of weekly 
catch and bycatch by species or species groups. 
Our review of current procedures for collecting and analyzing observer data was 
instituted to  use existing data t o  evaluate all factors that might impact the reliability and cost- 
effectiveness of data collection t o  support management decisions. It focused on: 
(1) the effects of sampling strategy on the precision of catch and bycatch estimates, 
as measured by the coefficient of variation (CV); 
(2) comparisons of current and alternative procedures for estimating total tonnage of 
groundfish; it should be noted that analyses were done for only t w o  fisheries 
(pollock and yellowfin sole) because of their relative importance in the groundfish 
fishery; the data used was acquired from fisheries which were 100% observed 
catcher/processor fleets, and in which management was concerned wi th tracking 
catch of each species against the specified quota. 
(3) the effects of sampling strategy on the precision (CV) in estimates of size, age, 
and sex composition in total catches of target species; 
(4) potential cost-effectiveness of survey sampling procedures as reflected in the 
relationship between sampling effort and precision. 
In developing recommendations, w e  have taken into account some obvious logistical consider- 
ations that might constrain modification of the survey design and procedures of the Observer 
Program. However, we have not attempted t o  account for all logistical factors. For example, 
any randomization scheme for collecting catch data from fishing operations must accom- 
modate a workable schedule for the observers. 
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2.0 DESCRIPTION OF CURRENT SAMPLING AND 
ESTIMATION PROCEDURES 
2.1 SAMPLING PROCEDURES FOR ESTIMATING CATCH AND BYCATCH 
In 1991, Amendment 1 6  t o  the Fishery Management Plan (FMP) for the BSAl 
groundfish fishery and Amendment 21 t o  the FMP for the Gulf of Alaska groundfish fishery 
were implemented t o  enhance prohibited species bycatch management. These amendments 
created the VIP, which, as described earlier, holds operators of individual trawl vessels 
accountable for their bycatch of halibut and red king crab during their participation in specified 
groundfish fisheries. 
As part of VIP, a rigorous statistical survey design for selecting hauls t o  be sampled by 
observers was implemented, following recommendations by Kappenman (1 992). The most 
significant change from previous sampling protocol involved random selection of hauls 
following the "Random Sampling Table" (RST), as described in the Observer Manual. This 
randomization scheme was also implemented for all other fisheries in  1991. Before 1991, the 
sampling was largely ad-hoc; i.e., the probabilities by which individual hauls were selected for 
sampling by observers were unknown. Random selection of hauls is intended to  eliminate bias 
in estimates of total catch, bycatch, and catch composition resulting from preferential 
selection by observers, and allows the estimation of associated confidence limits. 
The species composition of any individual haul is generally determined by whole-haul 
sampling (i.e., by sampling the entire unsorted catch), or from a subsample of the catch using 
one of the following methods: 
(1) part ial  hau l  sampling, in  which a large portion of the catch is sorted and the 
weight of this subsample is determined based on volume and density estimates 
or other methods; 
(2) basket sampling, which requires collection of weighed subsamples from different 
parts of the haul using baskets or other means. 
Whole-haul sampling is commonly used for determining the bycatch of prohibited species in 
pure fisheries such as pollock, where non-target species typically make up less than 10% of 
the catch. However, for large hauls, sorting the entire catch may not be feasible because of 
the extended time required t o  process the entire catch, the presence of large numbers of non- 
target species, or for logistical reasons, such as difficult access to  the catch as a result of the 
configuration of the processing plant. In such instances, partial haul or basket sampling is 
generally employed. When using partial haul and basket sampling, observers are instructed 
t o  collect the subsample from different parts of the holding bin t o  reduce any bias resulting 
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from stratification of fish in the bin by size or species. In fisheries that are not part of the VIP, 
observers are allowed t o  use whole-haul, partial haul or basket sampling. 
The VIP requires that bycatch quantities and their associated confidence limits be 
estimated based on weight of Pacific halibut and numbers of king crab along w i th  associated 
weights of the observed sample from the catch. For most vessels these data can only be 
obtained by using "basket sampling" since weighing the total catch or large portions of the 
catch is generally not possible for the observers. 
2.2 THE BLEND SYSTEM FOR ESTIMATING CATCH 
NMFS' estimates of total annual removals and inseason weekly catches from the BSAI 
management areas for catcherlprocessors and motherships are currently based on a 
combination of data from the Observer Program and "weekly production reports" (WPR) from 
processors. The catch and bycatch information from the Observer Program along w i th  WPRs 
is input t o  the NMFS' "blend" system, which produces weekly total  estimates of the open- 
access groundfish catch for the combined inshore and offshore fishery. For each observed 
offshore processor (catcherlprocessor or mothership) in a management area: 
W,,, = weekly total catch of groundfish (mt) (retained catch plus discards) 
estimated from data from the Observer Program (in our analyses, equal t o  
the sum of the OTC); 
W, = corresponding weight of total groundfish catch provided by  the WPR2 from 
the processors; and, 
A = Absolute difference between W,,, and W,,,. 
Currently, the W,,, is estimated as a sum of the observer estimates of groundfish catch size 
(for the randomly sampled hauls), and the captain's eyeball estimates for the hauls not subject 
t o  observer catch estimations3 The weekly catch estimates (W,, and W,,,) are combined for 
all reporting areas and gear-types within the BSAI. The blend system (Figure 2-1) is an 
algorithm for selecting either W,,, or W,,, as the data source for the estimation of total  
2 ~ e  note that WPRs are-submitted by processors, not individual vessels; while factory trawlers 
are vessels, within this reporting system they are classified as processors. 
3 ~ h e  observer data files provided by NMFS for these analyses contained records of both vessel 
estimates as well as observer estimates which sometimes disagreed. We were informed by NMFS that 
the observer may sometimes make an estimate that helshe believes is inaccurate or incorrect, in which 
case, helshe may choose the vessel estimate over his or her own. The observer's estimate cannot be 
a visual estimate because that is not an acceptable method of obtaining the observer derived figure. 
Some subsampled hauls may not have an observer estimate because the observer was unable to obtain 
it due to conflicting worklsleep demands, etc. 
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groundfish catch. If both WPR and Observer Reports are available, the blend selects one of 
them for incorporation into the catch database. If the vessel is unobserved, the total weekly 
catch estimate is based on W,,,. Vessels participating in the CDQ fishery are required to  have 
certified bins for volumetric catch size estimation, and they carry t w o  observers for round the 
clock coverage (Galen Tromble, pers. com.). The blend system is not applied t o  the CDQ 
fishery; W,,, is always selected for estimation of total catch in this fishery. 
Start 1 
Calculate weekly Calculate weekly 
observer estimate production report 
Calculate delta, the 
absolute value o f  the 
difference: 
A = IWOBS -WWPRI 
Set the 
0.05 X W,,, source 
to be W,,, 
, OE, target specie 
to be W,,, 
Set the I source / 
to be WO,, 
Set the 
source 
to be W,,, 
Set the 
source 
to be W,,, 
I 
Figure 2-1. Flowchart detailing the blend system algorithm 
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The blend algorithm used before 1995 specified that the W,,, be selected as input for 
estimations of total catch when both W,,, and W,,, are provided, w i th  the following 
exceptions: 
W,,, is selected if A < 0.05xWwp, 
W,,, is selected if W,,, < 0.8xWwp, 
The fleetwide estimate of total weekly catch is obtained by choosing one of the t w o  sources 
of total groundfish catch for each processor, and summing across all processors. In 1995 the 
blend algorithm was modified in recognition of the high degree of variability in pollock product 
recovery rates which are used in the WPRs and, thus, increase cases for which observer data 
were selected. The following algorithm currently applies: 
when the target fish is pollock, W,,, is now selected as source if W,,, 
< 0.7xW,, 
for target species different from pollock, W,,, is still selected as source if W,,, 
< 0.8xWwp,. 
Partitioning of total weekly catches among gear types and reporting areas is based on the data 
source selected by the blend analysis and is done after the total catch is estimated using the 
blend system. 
In general, the blend procedure is designed t o  provide weekly estimates of catch for 
each quota species (or species group) by week, area, and gear type, and estimates of pro- 
hibited species catches (PSC) by these same strata. The procedure employed for estimating 
quota species differs from that employed for estimating PSC. 
As indicated, above, for the quota species, the blend compares and combines observer 
and processor reports by processor and week. The product is stratified by processor, week, 
area, and gear type. The PSC estimation procedure differs in that observer data are used as 
the sole basis t o  calculate a catch proportion by processor, week, area, and gear type. This 
proportion is then applied t o  the stratified product o f  the blend t o  estimate PSC. These 
procedural steps are employed for catch and bycatch management. 
We used five data sets to  estimate total species catch: blend (described above), WPR, 
adjusted OTC, adjusted observer (all hauls), and adjusted observer (subsampled). The WPR 
data set consists of weekly production reports from shoreside processors and factory trawlers 
of total groundfish catch (i.e. excludes non-allocated and prohibited species catch). The OTC 
data set provided by NMFS for use in this project contains total species catch estimates 
(observed and captain's "eyeball" estimates for unobserved hauls) that include non-allocated 
and prohibited species. In order t o  make the OTC data comparable t o  the WPR data, w e  
created an adjusted OTC data set by multiplying the OTC data by the proportion of groundfish 
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measured in hauls subsampled by observers. For the purpose of our analyses, the adjusted 
OTC data set is essentially the same as the W,,, data set described above. 
Observer estimates of total catch (OBS) are similar to  the OTC data in that they include 
non-allocated and prohibited species. We adjusted the OBS data t o  account for non-allocated 
and prohibited species using the same technique as described above for the adjusted OTC data 
set. Some of the hauls included in the adjusted OBS data set were subsampled by observers 
and provide catch composition data in addition t o  providing total groundfish catch estimates. 
The remaining hauls (unsubsampled hauls) within the adjusted OBS data set only provide 
estimates of total groundfish catch. We estimated total seasonal or annual groundfish catch 
from the adjusted OBS data using both the entire data set [i.e. adjusted OBS (all hauls)] and 
a subset of the data consisting of only the hauls that were subsampled [i.e. adjusted OBS 
(subsampled)] excluding data from hauls not subsampled. For the pollock fishery, 16 percent, 
1 percent, and 11 percent of the observed hauls were excluded from the A Season, CDQ 
Fishery, and B Season data sets, respectively. In the yellowfin sole fishery, 11 percent of the 
observed hauls were excluded. As described earlier, observers have a list of random hauls 
designated t o  be sampled for species composition as well as for total catch weight, but may 
record only total catch weight from other non-listed hauls if time permits. W e  included in our 
analyses the adjusted total OBS data set as well as the adjusted OBS subsampled-only data 
set t o  evaluate whether the inclusion of non-random hauls in  the data created any bias in the 
statistical catch estimates. All catch estimates o f  individual species were derived from the 
catch composition data included in the adjusted OBS (subsampled) data set. 
For shoreside processors, WPRs are considered by fisheries managers t o  be the most 
accurate source of data for estimating retained groundfish landings. All fish delivered t o  shore- 
side processors are weighed on scales, and these weights are used t o  account for retained 
catch. Observer data from catcher vessels provide the best data on at-sea discards of 
groundfish by vessels delivering to  shoreside processors. Discard rates from these observer 
data are applied t o  the shoreside groundfish landings t o  estimate total at-sea discards from 
both observed and unobserved catcher vessels. 
Description of Current Sampling and 
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3.0 ANALYTICAL APPROACH 
3.1 DESCRIPTION OF DEMONSTRATION FISHERIES 
We selected t w o  major fisheries for examination in this study. In cooperation w i th  
AFSC, we considered the following factors in our selection: (1) availability of data, (2) repre- 
sentativeness, and (31 economic importance. 
The walleye pollock fishery was selected because of i ts economic importance as a 
large-scale offshore fishery. This fishery consists of bottom and semipelagic trawling, with 
the latter being dominant. Individual catches in the pollock fishery generally have a pure 
species composition, typically with more than 90% pollock. The stock structure of Bering Sea 
pollock is not well defined (Wespestad, 1996). In the U.S. EEZ, the population is divided into 
three stocks for management purposes: (1) Eastern Bering Sea (EBS), consisting of pollock 
inhabiting the shelf from Unimak t o  the U.S. - Russia Convention line; (2) Aleutian Islands, 
encompassing the shelf region from 170" W to  the Russia Convention line; and (3) the Central 
Bering Sea-Bogolov Island pollock. The latter component of the population is considered t o  
be a mixture of pollock that migrate from the U.S. and Russian shelves t o  the Aleutian Islands 
around the time of maturity (Wespestad, 1996). 
The yellowfin sole fishery in  the BSAl region was the second demonstration fishery 
selected. The yellowfin sole population is considered one stock, and inhabits the EBS shelf. 
This stock is the target of the largest flatfish fishery in the United States (Wilderbuer 1996). 
The yellowfin sole fishery is demersal, and the species composition of catches are generally 
highly mixed. 
For both fisheries, catch statistics from 1994 were the most recent complete observer 
data available for analysis: 
(1) Data for the offshore fishery for pollock in the BSAl region, was obtained for 
management areas 509, 513, 514, 516, 517, 518, 519, 521, 523, 524, 541, 
542, 5 5 0  (Figure 3-1 ). The offshore fishery includes catcher/processors and 
motherships, each generally having 100% observer coverage. 
(2) Data for the offshore fishery for yellowfin sole in the BSAl region, was obtained 
for management areas 509, 5 1  3, 514, 5 1  6, and 5 1  7. The study includes 
catcher/processors that participate in the bottom trawl fishery; the catcher 
vessels which deliver t o  shore-based processing plants are not part of this study. 
Observers collect catch samples from 3 0 %  of the fishing-days for vessels w i th  
length overall (LOA) between 6 0  and 125 f t  (or 1 8  t o  3 8  m), and 100% of the 
fishing-days for vessels w i th  LOA greater or equal t o  125 f t  (or 3 8  m). 
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We note that the data files provided by NMFS for these analyses contained only entries 
for which the target species had already been identified by NMFS as pollock or yellowfin sole. 
As has already been described, Weekly Production Report (WPR) data files contain only 
groundfish catch. In order to  compare total groundfish catch estimates based on WPR data 
t o  those derived from observer total catch data, the observer total catch data had t o  be 
adjusted by eliminating the contribution of non-allocated (NONA) and prohibited species catch 
(PSC). This adjustment made datasets comparable in our analysis and was done by developing 
a proportion of NONA and PSC in observer total catch estimates for tows that were 
subsampled (species composition data was available only for those tows subsampled), and 
reducing observer total catch by that proportion. 
Since the implementation of the MFCMA in 1977, yearly catch quotas for pollock in the 
BSAl region have ranged from 950,000 to  1.3 million m t  (Wespestad 1996). The total yearly 
catches have ranged from 0.9 million m t  in 1987 to  1.6 million in 1991, averaging 1.2 million. 
Prohibited bycatch of salmon is currently of concern for this fishery; the PSC in 1995 was 
close t o  the cap. 
Total catches of yellowfin sole in the period from 1977 t o  1994 have ranged from 
58,373 mt  in 1977 to  227,107 m t  in 1985, averaging 135,423 m t  (Wilderbuer 1996). This 
fishery is generally closed before the TAC for yellowfin sole is reached because the cap for 
bycatch of Pacific halibut is reached. 
3.2 SAMPLE BASED ESTIMATION TECHNIQUES 
We evaluated the factors contributing to  precision of estimates of catch and biological 
parameters generated from the Observer Program by establishing the coefficient of variation 
(CV) in estimates of: 
(1 ) total catch based on the observer data for randomly selected hauls; 
(2) estimates of bycatch (i.e., crabs, salmon, and Pacific halibut); and 
(3) biological characteristics (mean length, proportions at age, proportions of females) 
of the target species catches. 
In evaluating the benefits of any modifications of the program, w e  assessed the relative 
influence of each component of the sampling program on the precision (CV) of the estimates 
and defined how uncertainty propagates through the system t o  affect the estimates of 
threshold values and population characteristics. This approach enabled us t o  illustrate how 
changes in the allocation of resources and sampling routines could enhance precision. 
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We evaluated how the sampling procedures and estimation methods might be improved 
under the current level of observer effort, and if the precision (CV) of the catch and bycatch 
estimates can be improved by adjusting the sampling protocol. 
3.2.1 Estimation of Catch 
The Official Total Catch (OTC) of all species, including NONA and PSC, is the sum of 
observer catch estimates for observer-sampled hauls and skipper or observer catch estimates 
for unsampled hauls.4 We could not determine the precision of the blend estimate because it 
is based on a mixture of observer estimates and WPRs. 
A statistical estimation of total catch of all species which takes advantage of the 
random selection of hauls observed from each vessel is an alternative t o  using W,,, andlor 
W,,, in the blend system. Such an alternative would allow for an estimation of precision not 
possible using the blend system. 
In the Observer Program, sampling from a certain fleet generally involves three stages 
of selection: (1 ) selection of vessels (primary sampling units); (2) selection of hauls (secondary 
sampling units) from each vessel; and (3) subsampling of the catches from each selected haul. 
The third stage of selection involves the use of whole-haul sampling, partial haul sampling, or 
basket sampling t o  determine the composition of the catch. In our analyses, w e  defined the 
primary sampling unit as a 'vesselr. The selection of a primary sampling unit (vessel) from a 
fleet is signified by  an observer being onboard. The sampling fraction of primary units (f,), 
refers t o  the observer coverage for the fleet. The overall variance in estimates of fleetwide 
total catch and bycatch rates can be broken into three components, corresponding t o  the three 
sampling stages. If every vessel in a fleet has an observer onboard for all fishing days, w e  say 
that the fleet has 100% coverage. 
The current observer data generally do not include information about weight and 
species composition for individual subsamples from the catches (e.g., by individual baskets or 
partial haul samples). For each haul sampled by the observers, the species composition based 
on subsampling was assumed t o  accurately represent the composition in the entire catch. We 
have assumed for the purposes of this analysis that the catch and bycatch data collected by  
observers come from a two-stage sampling scheme. For the experimental studies conducted 
in 1995 and 1996, data exist for all three stages of sampling, but the catch subsampling data 
was not incorporated into this specific analysis. Given that about 8 baskets are subsampled 
from each selected haul, about 50% of hauls are sampled, and there are about 5 0  vessels in 
41n some cases observer estimates of catch are not available for subsampled hauls because of 
conflicting demands on the observer's time. Captain's estimates are used for such hauls, since 
observer's are precluded from making "eyeball" estimates of catch. Under current regulations, the 
captains are not required to follow a standardized method to estimate haul weights and therefore, the 
ad-hoc eyeball method may result in significant variability of estimates among captains. 
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the fishery, the number of third stage units is so large that it is not likely t o  affect the standard 
error. For very rare species, the third component of the variance may become significant. This 
could be further investigated through experimental studies. Salmon are sampled by whole-haul 
or partial hauls; basket sampling is not appropriate for this species. 
3.2.1.1 Two-stage Cluster Sampling 
We assume here that simple random sampling, without replacement (srs wor) is 
employed in the first and second stage when sampling catches from a fleet. This implies that 
the observers are deployed on a random sample of vessels from a fleet, and that each observer 
collects data on catch and bycatch from a random sample of hauls from each of these vessels. 
We further assume that the species composition data from observed hauls are obtained by  
whole-haul sampling, or that the subsampling of hauls produce perfect estimates of 
composition for each catch. The current database for the observer program does not contain 
observations for individual subsampling units from each sampled haul and w e  thus are not able 
t o  verify this assumption. Species composition from partial haul or basket samples from each 
haul are expanded to  the entire catch of that haul in  the data sets. Hence, the estimation of 
total catch and bycatch is based on a two-stage cluster sampling design. 
The following table summarizes the notation used in the estimation of catch and 
bycatch. The method is general, and can be used for fleets with less than 100% sampling 
coverage o f  fishing days. The t w o  demonstration fisheries analyzed in this study generally 
have 1 0 0 %  observer coverage. The sample of hauls, hence, could also be analyzed as a 
stratified random sample, where each vessel in a fleet (or cruise) constitutes a stratum. 
However, t o  evaluate the effects of changes in observer coverage on the precision in  catch 
and bycatch estimates w e  have employed standard estimators for two-stage cluster sampling 
(Cochran, 1977). 
Table 3-1. Notation used in two-stage cluster sampling 
Defined As 
# of vessels 
# of t ows  for vessel i; 
i= 1,2, ..., n (sample) 
weight of a species of interest for haul j, j = 1,2, ..., m, 
total  weight of haul j; j = 1,2 ,..., m, 
Population (Fleet) 
N 
M i 
Xi j 
Yi, 
Sample 
n 
mi 
Xij 
Y ij 
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An estimator for total .catch is: 
where 
is an estimate of the mean catch per haul for vessel i. Following the notation in Wolter 
(1 985), the subscript ".." signifies that the estimate is based on units selected in t w o  stages, 
while the subscript i. denotes that the estimate (of means or totals) applies t o  the i t h  unit, 
based on observations from the mi second stage units. An  estimator for the variance of (1 ) 
is: 
where 
is the estimated (population) variance in catch per haul for vessel i, f l  = nlN is the fraction 
of vessels sampled from a fleet, and f,. = mjlMj is the fraction of hauls sampled from vessel 
i. The standard error of the estimated total catch is (v(9 ))'l2 . The coefficient of variation, 
CV= se(v..)/q.. , is used as a measure of the precision of the estimated total catch. For a fleet 
wi th 100% observer coverage, f, = 1, and the first component of the variance in eq. 1.3 is 
zero. The variability in catch and bycatch estimates, hence, results from the second stage of 
sampling (i.e., the sample of hauls from each vessel). 
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We also estimated the expected coefficient of variation in estimates of catch and 
bycatch for various sampling strategies: 
(1) the fraction of vessels from a fleet (f,) with observers onboard was varied from 
0.2 t o  1.0 in increments of 0.2, 
(2) the fraction of hauls sampled from each observed vessel (f,) was varied from 0.1 
t o  1.0, in increments of 0.1. 
This method allowed us to  evaluate the expected effects on precision in  catch and bycatch 
estimates resulting from changing sampling effort. 
3.2.1.2 Three-stage Cluster Sampling 
The variance component resulting from the subsampling of hauls can be estimated if 
data on catch by  species are collected for individual subsampling units by  haul. We assume 
in this analysis that simple random sampling, without replacement (srs wor) is employed in  the 
first, second, and third stage of sampling from a fleet. The following table summarizes the 
notation used in the estimation of catch and bycatch using data from three-stage cluster 
sampling. 
Table 3-2. Notation used in three stage cluster sampling 
Population (Fleet) I Sample 
I 
Defined as 
# of vessels 
# of tows for vessel i; 
i= 1,2, ..., n (sample) 
# subsamples from haul j, for vessel i; j = 1 ,2,...,mi 
(sample) 
weight of a species of interest in subsample k from 
haul j and vessel i, k = 1 ,2,...,bij 
total weight of subsample k from haul j and vessel i, 
k =  1,2 ,..., b,, 
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A n  estimator for total catch based on data from three stages of sampling is 
where 
is the estimated mean weight of the subsamples from vessel i and haul j. The subscript "..." 
signifies that the estimate is based on units from three stages of selection (see Wolter, 1985). 
A n  estimator for the variance of the total  catch estimate is: 
Other estimators used in our analysis, as described below, are as follows: 
where 
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v.. = Bi j 
1 M, 
Bij /Mi 
j - l  
If data on weight and species composition are collected from individual third-stage 
subsampling units (baskets or partial hauls), then the effects of changes in sampling strategy 
can be assessed using the above equations. Variances in each stage can be estimated using 
equations 1.10, 1 .l 1, and 1.13. Using the above equations, the expected CV for estimated 
total catch and bycatch can be calculated for different observer coverage for vessels (f,), 
different fractions of hauls sampled (f,), and for changes in the number of subsamples taken 
from each haul(b1. 
By examining equation 1.9 we see that the sampling of all hauls from all vessels in a 
fleet (i.e., f, = f, = 1) would eliminate the first two components of the variance in catch 
estimates. However, the third component resulting from the subsampling of catches would 
remain unless whole-haul sampling was employed for all hauls (i.e., each haul would be 
censussed rather than sampled). For fleetwide estimation of catch and bycatch the third 
component of the variance is likely to be small because a very large number of third-stage 
units are observed, as was noted earlier. 
3.2.2 Estimating Catch of Individual Species and Variance of the Estimate 
We used four methods to  estimate the total fleetwide catch of individual species and 
the variance of each. In method l a we used the standard estimator for two-stage sampling. 
In method 1 b we use the delta-estimator to estimate the mean catch per vessel in the second 
stage. Methods 2a and 2b are based on ratio-estimates of the catch rates for individual 
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species. Total number or weights in catches of individual species for a fleet can then be 
estimated by applying the ratio-based catch rate estimate to fleetwide total catch. 
3.2.2.1 Method l a: Regular Two-stage Estimator 
An estimator for total catch of a species of interest is: 
A N "  X = -  C Mi 'i. 
n i-1 
W here 
is an estimate of the mean catch per haul of the species of interest for vessel i. An estimator 
for the variance of 4. is: 
where 
is the sample estimate of the (population) variance in catch per haul for vessel i, fl = nlN 
is the fraction of vessels sampled from a fleet, and f, = mJMi is the fraction of hauls 
sampled from vessel i. 
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3.2.2.2 Method I b: Regular Two-stage estimator, With Delta Estimator in Second Stage 
Data on number or weight of individual species by haul often contain a large proportion 
of zero values. The distribution of PSC per t o w  for each vessel sampled by  the observers is 
generally highly skewed, and as a result the ordinary sampling estimates of the mean 
prohibited species catch per vessel ( xi. I may not be statistically efficient. More efficient5 
estimates of the mean catch of rare species for each vessel may be obtained based on the 
delta-distribution (Pennington 1983, 1986 and Smith 1981, 1988). By definition, a delta- 
distribution is a log-normal distribution w i th  a spike at zero (Conquest et al. 1996). A n  
unbiased estimate of the mean catch per haul of a species of interest for each vessel i ( 2, ) 
I S 
and the estimate of total catch is obtained from equation (1.16), substituting (1.20) for 
equation (1.17). The overall variance in estimated total catch is obtained from equation 
(1.18), but the large sample estimate of the variance of the estimated mean catch per haul for 
vessel i ( s$mi is estimated by (eq. 1.21): 
(Pennington, 1983), where ni is the total number of observed hauls for vessel i, m is the 
number of samples wi th positive catches, z and s2 are the sample mean and sample variance, 
respectively, of the log of observed values for the species of interest and 
5 ~ n  estimator is considered efficient if it produces an estimate with a smaller standard error 
than other estimators. 
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We follow the methods of Conquest et al. (1 996) and refer t o  equations 1.20 and 1.21 as the 
Pennington Delta-distribution estimates for catch data (Conquest et al. 1996). Pennington 
(1 983, 1986, 1996) has shown that for small sample sizes, the performance of the ordinary 
sample mean estimator is much worse than other estimators (see also Conquest et al. 1996). 
3.2.2.3 Method 2a: The Ratio Estimator of Catch Rate 
For this analysis, Y and X denote the unknown total  catch and catch of an individual 
species for a fleet. The catch rate (R) of a species of interest is then defined as: 
and a natural estimator for R is 
where 2 and Y are estimated using the standard two-stage estimator (method la ) .  The 
variance can be estimated by (Cochran, 1977): 
where 
and 
d.. = X..-ky... 1 1 1  (1.25) 
Ratios are currently used by  NOAA to  estimate prohibited species bycatch (PSC), but their 
application is not as presented here. 
~ ~ 1 r M t  Analytical Approach 
3.2.2.4 Method 2b: The Ratio Estimator, With the Delta-estimate of X 
An alternative method for estimating the catch ratio R is to use the delta method for 
estimating the total weight or number of species catch X (Method 1 b). The variance of the 
ratio R can also be estimated by the Taylor series: 
where "(fir vfi, and c ( t  l?), denote estimators of Var{ f } ,  var{R} .  and Cov{ f, R }  
respectively. The estimators of v(% v&. and c(f, l?) should take into account both the 
sampling design and the form of the estimators f and (Wolter, 1985, p. 236). If the delta 
estimator reduces the coefficient of variation in estimated bycatch, then the variance in the 
bycatch ratio will also be reduced. 
3.2.3 Estimating Biological Characteristics of Target Species 
Biological assessments of fisheries resources require information on: (1 ) landings; (2) 
fishing effort; and (3) biological characteristics (length frequencies, age, and sex) of 
commercial catches by species. The Observer Program collects data on length, age, and sex 
of the target species. The observers are instructed to collect measurements from a sample 
of 150 fish each day (Observer Manual, p. 5-1 5), and these fish may be taken from a number 
of hauls over the course of the day. To evaluate the efficiency of current sampling strategies 
for collecting biological data for target species, we estimated the coefficient of variation (CV) 
of the mean length, proportions at age, and proportions of females in fleetwide catches of 
pollock and yellowfin sole. We then assessed the effects on CV of changes in: (1) the 
fraction of hauls sampled; and (2) the number of fish sampled from each haul. Because the 
two demonstration fisheries evaluated in this study generally had 100% observer coverage, 
we treated each vessel in a fleet as a stratum, and used methods from two stage cluster 
sampling within vessels to estimate key biological parameters for fleetwide catches. For each 
fishery, we estimated the mean length, proportions by age, and proportions of females in 
fleetwide catches of the target species. 
We assumed that data on length, age, and sex are collected from individual fish 
sampled from n randomly selected hauls from each vessel. We assumed that the total hauls 
sampled for biological characteristics (age, length, sex composition) from a vessel form a 
random sample from all hauls taken by this vessel. In practice, it is not feasible to obtain 
random samples of fish from the entire catch of a haul. However, observers are instructed 
to spread out the sampling of fish within each haul, and we assumed in this study that the 
individual measurements (length, age, sex) come from a simple random sample of individual 
fish from each haul. Within each vessel, the sampling procedure is a two-stage sampling 
scheme, where the hauls are the primary units, and the fish sampled are the secondary units. 
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Since the catches from each haul vary in size, the population estimator for mean length 
of fish in the entire catch from all hauls for vessel k is: 
where M, is the number of fish caught in haul i from vessel k, and G is the average length 
of the m,., fish in  the subsample (see, e.g., Cochran, 1977). A n  estimator for the variance 
- 
of X ,  is: 
where 
is an estimate of the within haul variance of the variable of interest (e.g., individual lengths) 
based on the measurements of m, fish in the subsample from haul i. Ratio estimates of this 
type were also used to  estimate the proportion of fish in total catches that fall into a certain 
category. This is done by introducing an indicator variable (0 which takes the value 1 when 
the measurement is falling in the category of interest, and 0 otherwise (see Cochran, 1977). 
As an example, let fi, = 1 for any pollock o f  age 7, and 0 otherwise. Using the equations 
1.27 and 1.28, substituting Iii, for X*, an estimate of the proportion of age 7 pollock in the 
tota l  catch by vessel k is simply ik , and an estimate of the standard error is obtained b y  
taking the square root of var 7, . The sample estimate used for means and proportions for 
the population of fish in the fleetwide catch of a species by V vessels is where Ck is the total 
catch by  vessel k. The variance of the estimate . is 
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where the stratum weight for vessel k, 
is the proportion of the fleetwide catch taken by  vessel k .  
The coefficient of variation in estimates of mean length, proportions at age, and propor- 
t ions by  sex in total catches of a target species were estimated for various sampling 
strategies: 
(1) the fraction of hauls sampled (f,) from each observed vessel was varied from 0.2 
t o  1 .O in increments of 0.2; 
(2) the number of f ish sampled (f,) from each observed haul (m,) was varied from 5 
t o  200  fish in varying increments. 
3.3 COMPARISON OF WEEKLY CATCH ESTIMATES FROM PRODUCTION REPORTS AND 
OBSERVER DATA 
Simple regression analysis was used t o  further explore the differences between industry 
reported and observer based estimates of weekly catch by  processor. The ratio of observer 
based weekly catch estimates (W,) and the production reports (W,,,) by processor was 
calculated as a means of identifying large differences between observer estimates and 
production reports. 
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4.0 RESULTS 
We present our analysis results separately for each demonstration fishery. Fishery 1, 
the offshore fishery for pollock, is conducted in three distinct time periods wi th separate 
quotas: the A season (January 1 to  April 15), the CDQ fishery (April 1 6  t o  August 15), the 
B season (August 16  to December 31). Catch and bycatch estimation results for this fishery 
are presented b y  season so that the effects of differences in sampling effort within and 
between seasons can be assessed. Estimates of biological characteristics of the catches are 
presented separately for three geographic regions: the South East (SE), the North West (NW), 
and the EBS. W e  address the regions separately because the length at age of pollock vary 
among regions, and the sampling effort for collecting data on biological characteristics differs 
among regions. 
The offshore fishery for yellowfin sole in the BSAl region is open until the quota is 
caught, or is closed when the limit for prohibited species bycatch is exceeded. Thus, w e  did 
not partition this fishery by season in our analyses. 
While tables will be found within the text of this section, figures are presented grouped 
following the text. This was done to  facilitate the continuity of the text  for the reader. 
4.1 DEMONSTRATION FISHERY 1 : Pollock 
4.1.1 Estimates o f  Catch 
Figure 4-1 presents five estimates of the total groundfish catch in the offshore pollock 
fishery. One estimate is our synthesized blend estimate based on the algorithm employed 
through 1994, one is the sum of the WPR estimates, and one is the sum of the adjusted OTC 
estimates. The t w o  additional estimates were derived using equation (1.1 ), and t w o  sources 
of data for haul weights: 
(1) estimated groundfish catch weights based on all hauls where the observer made 
an independent catch weight estimate (OBS, all hauls); 
(2) estimated groundfish catch weights based only on hauls that were observed and 
also sampled for determining species composition; hauls with only observer catch 
weight estimates were excluded from this data set (OBS, subsampled). 
These t w o  data sets were adjusted for PSC and NONA species as described earlier in Section 
2.2. For the CDQ fishery, estimates are provided using only observer data. The blend system 
and WPRs are not used for this fishery because the vessels are required to  have certified 
holding bins and t w o  observers who generally estimate the weights of all hauls. 
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Our catch estimates and associated standard errors are presented in Table 4-1. The 
standard errors were estimated by taking the square root of equation (1.3). 
denotes not applicabl 
The variance of our synthesized blend, adjusted OTC, and WPR estimates cannot be 
calculated, precluding a statistical comparison among all five estimates. Note the relatively 
"tight" confidence limits of the statistical estimates. The adjusted OTC and WPR estimates 
for A and B seasons fall below the lower 95% confidence limits for the statistical estimates 
derived using both observer data sets. The confidence limits of the estimates using the t w o  
different observer data sets overlap, and there does not appear t o  be any bias introduced by  
the inclusion of the unsampled hauls or improvement in precision by use of the larger data set. 
Tables 4-2, 4-3, and 4-4 compare estimates o f  total groundfish, pollock, Pacific cod, 
rock sole, chinook, other salmon, and herring for the A and B seasons and the CDQ fishery 
derived using different estimation  technique^.^ Contrasts are presented, first, between the 
blend estimate of total groundfish catch and each of the four other estimates of total 
groundfish catch that w e  developed. We selected the blend estimate as a "baseline" against 
which t o  contrast the other estimates, since that is the estimate currently used in 
management. We, secondly, provide estimates of catch of individual species generated 
statistically using our t w o  estimation techniques described in Section 3.2.2 (see Footnote 6) 
'AS can be seen in Section 3.2.2, the methods for calculating catch of individual species using 
the standard two-stage estimator and the ratio estimator yield similar estimates (this is also the case 
for both estimators when used with the delta estimator). Therefore, to conserve space, we only 
present the catch estimates in Tables 4-2, 4-3, and 4-4 as developed with and without the delta 
estimator. However, the variance of the catch estimates does differ among all four estimators (two- 
stage and ratio, with and without delta), as will be discussed in Section 4.1.2. 
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Table 4-3. Comparison of various catch estimates derived from statistical estimators for the CDQ fishery during 
the 1994 BSAl pollock fishery; blend estimates are not made for the CDQ fishery (NIA denotes not 
applicable) 
Species Percent difference between 
statistical estimator and the estimate 
based on adjusted OTC 
Non-blend 
catch estimate 
Total groundfish (metric tons) 
Catch estimate based 
on blend estimate of 
total catch 
Adjusted OTC 
Adjusted OBS (all hauls) 
Adjusted OBS (subsampled hauls) 
WPR 
5,666 
5,991 
5,960 
NIA 
Pollock (metric tons) 
NIA 
NIA 
NIA 
NIA 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
NIA 
+5.7 
+5.2 
NIA 
5,088 
5,248 
Pacific cod (metric tons) 
NIA 
NIA 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
NIA 
NIA 
126 
130 
Rock sole (metric tons) 
NIA 
NIA 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
NIA 
NIA 
NIA 
NIA 
20 
20 
Chinook (number of individuals) 
NIA 
NIA 
NIA 
NIA 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
48 
48 
Other salmon (number of individuals) 
NIA 
NIA 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
NIA 
NIA 
78 
79 
NIA 
NIA 
Herring (metric tons) 
NIA 
NIA 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
41 
14 
NIA 
NIA 
Table 4-4. Comparison of various catch estimates derived from statistical estimators and the blend method for 
the B Season fishery during the 1994 BSAl pollock fishery 
Percent difference between 
statistical estimator and the estimate 
based on blend total catch 
Catch estimate based 
on blend estimate of 
total catch Species 
Non-blend 
catch estimate 
Total groundfish (metric tons) 
Adjusted OTC 
Adjusted OBS (all hauls) 
Adjusted OBS (subsampled hauls) 
WPR 
385,609 
393,663 
404,742 
385,898 
396,407 
396,407 
396,407 
396,407 
-2.7 
-0.7 
2.1 
-2.7 
Pollock (metric tons) 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
372,458 
372,458 
388,433 
41 3,481 
4.3 
11.0 
Pacific cod (metric tons) 
38.2 
93.1 
4,506 
4,506 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
6,228 
8,702 
Rock sole (metric tons) 
6.0 
25.0 
182 
182 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
193 
227 
Chinook (number of individuals) 
-2.2 
-7.4 
1,978 
1,978 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
1,934 
1,832 
Other salmon (number of individuals) 
-1 4.3 
-1 8.8 
44,348 
44,348 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
37,993 
36,015 
Herring (metric tons) 
-2.1 
36.6 
575 
575 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
563 
786 
Results 
and compare those estimates t o  an estimate derived from the blend estimate of total 
groundfish catch. 
As is evident in  Table 4-2, the differences among the estimates of total groundfish 
catch for the A season are small (< 5 percent), with the t w o  statistical estimates being greater 
than the blend, and the OTC and WPR estimates being less. The fact that the OTC and WPR 
estimates fall below the lower 95 percent confidence limits of the t w o  statistical estimates is 
a reflection to  some extent of the relatively low variance of those estimates (the standard error 
is less than 5 percent of the estimates). 
Differences among the three estimates of individual species catch in the A season are 
much greater than among the estimates of total groundfish catch. The estimate derived using 
the standard t w o  stage cluster estimator is consistently closer t o  the estimate based on the 
blend than the estimate derived using the delta estimator. In addition the agreement among 
the estimation techniques is best for the species that dominates the harvest (pollock) and for 
the species that are quantified numerically (salmon), and worst for the less abundant species 
(Pacific cod, rock sole, herring). 
The blend is not applied in the CDQ fishery, and, in this case, we contrast only the t w o  
statistical estimates of total catch t o  the estimate based on the adjusted OTC data (Table 4-3). 
These estimates differ from each other t o  a somewhat higher degree than do the estimates for 
the A season. Estimates of individual species catches derived for this fishery wi th and without 
the delta estimator are generally in closer agreement than in the case of the A season fishery, 
wi th the largest difference occurring w i th  herring. 
The contrasts among estimators for the B season fishery are very similar t o  those for 
the A season fishery, in magnitude of differences. However, while in the A season fishery the 
statistical estimates of individual species catch were consistently higher than the estimate 
based on the blend, that consistency is not present in  the results for the B season. 
Figure 4-2 addresses factors that influence the precision of the catch estimates and 
shows the expected changes in coefficient of variation (CV) in fleetwide estimates of total 
groundfish catch in relation t o  observer coverage and the proportion of hauls sampled from 
each vessel. The estimated cvs are based on equations 1 .l and 1.3, using sample-based 
estimates of the population variances in the first and second stage of sampling. The fraction 
of vessels in a fleet with observer coverage (f,) was varied from 0.2 t o  1.0 in increments of 
0.2. The fraction of hauls sampled for each observed vessel (f,) was varied from 0.1 t o  1.0 
in  increments of 0.1. Note that the CV for the CDQ fishery is much larger than that for the A 
and B seasons. 
Figures 4-3 through 4-9 show cumulative weekly catch estimates for total groundfish 
catch, pollock catch, Pacific cod, rock sole, chinook bycatch, other salmon and herring during 
each season based on observer subsampled data. Confidence limits are presented for 
individual species catch estimates. In Figures 4-3 through 4-9, w e  present the results for the 
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standard two-stage estimate (without the delta estimator) t o  calculate cumulative weekly 
catch estimates for groundfish species and the ratio estimator w i th  the delta estimator for 
prohibited species. We selected these estimators based on the anticipated performance of the 
estimators, the results of comparisons of the CV values for each of the individual species catch 
estimates, and the proportion of the species analyzed in  the observed subsampled catches, 
as is discussed further in Section 4.1.2. Plots of this type could be used for the inseason 
monitoring of fleetwide catch. Note how the size of the confidence limit varies substantially 
among the species. Also note that herring catch is presented in kilograms rather than metric 
tons because of the small magnitude of catch. 
Table 4-5 provides estimates of total groundfish catches and the standard error of those 
estimates for a small number of vessels selected based on the presence of salmon in total 
catch, as discussed below. These estimates illustrate the substantial variability in harvest 
among vessels and among hauls from a single vessel. No consistent relationship is evident 
between magnitude of catch and variability as reflected in the standard error. 
Figure 4-10 presents the expected changes in  the cvs of total  catch estimates for 
individual vessels in relation t o  the fraction of hauls sampled (f,). A very large difference 
among vessels is apparent in the gains in precision that could be achieved b y  increasing both 
observer coverage and fraction of hauls sampled. In general, vessels w i th  large catches would 
show the greatest increases in the precision of the catch estimates from increases in 
subsampling and coverage. 
Table 4-5. Estimates of total groundfish catch and associated standard error for 
selected vessels participating in the 1994 BSAl pollock fishery (NIA denotes 
not applicable). Catch estimates based on the observer subsampled data 
set. Vessels were assigned simple numeric characters t o  maintain 
anonymity. 
Vessel 
B Season 
Total 
Catch (mt) 
1 1,072 
6,515 
15,008 
10,127 
23,240 
15,100 
CDQ fishery 
Standard 
Error 
398  
581 
348  
589 
756  
8 7  
Total 
Catch (mt) 
NIA 
NIA 
1,611 
468 
NIA 
NIA 
A Season 
Standard 
Error 
NIA 
NIA 
2 6  
7 9  
NIA 
NIA 
Total 
Catch (mt) 
9,140 
4,808 
20,293 
7,486 
25,120 
12,528 
Standard 
Error 
228 
135 
425  
25 1 
146 
159 
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4.1.2 Coefficient o f  Variation in Estimates of Catch by Species 
Estimates of the total catch were investigated for the following non-prohibited species: 
Pollock, Pacific cod, and rock sole. Figure 4-1 1 shows estimates of the coefficient of variation 
for estimates of fleetwide catches of non-prohibited species using the four estimation 
techniques presented in Section 3.2.2'. The application of the delta estimator, when 
incorporated into the standard two-stage estimator, generally results in the highest CV values. 
The lowest CV values for all three species generally resulted from the ratio estimator wi th the 
delta estimator. 
Figures 4-1 2 and 4-1 3 show expected changes in the cvs for fleetwide estimates (using 
methods l a and 2a) of total pollock catch by season in relation to  observer coverage (f,), and 
the fraction of hauls sampled from each vessel (f,). These figures show that while the ratio 
estimator wi th the delta estimator yields lower cvs than does the standard two-stage 
estimator, gains in precision using either method are much greater from increasing the fraction 
of vessels sampled than from increasing the fraction of hauls sampled. For 100% observer 
coverage, highly precise estimates of total catch are achieved wi th  l ow  fraction of hauls 
sampled. The average fraction of hauls that were sampled for the offshore pollock fishery in  
1994 was about 63% overall, wi th 54% in the A season, 58% in the B season, and 9 2 %  in 
the CDQ fishery. No substantial gain in precision would be obtained by increasing the number 
of hauls sampled. 
Figures 4-1 4 through 4-1 7 present expected changes in CV calculated as for pollock 
above, for Pacific cod, and rock sole, each of which comprise relatively small fractions of the 
total groundfish catch to  the pollock fishery. What is most striking in these results is that CDQ 
fishery exhibits the highest variability for all the species evaluated, and that this variability can 
be best addressed through a high fraction of vessels sampled, as is currently the management 
practice for this fishery. For other seasons, the greatest gains in precision are from increases 
in the fraction of vessels sampled, wi th relatively little gain in  precision w i th  increases in the 
fraction of hauls sampled. Differences in the magnitude of CV estimates using the t w o  
estimation techniques are not as great as in  the case of total pollock catch. 
Figure 4-1 8 presents a comparison of the four methods for estimating fleetwide prohib- 
ited species catch variability of chinook salmon, other salmon, and herring. No single method 
is superior across all species and seasons. As a general observation, the standard two-stage 
and ratio estimators without inclusion of the delta estimator tend t o  yield the lowest CV. 
The effects of changing sampling strategies on fleetwide estimates of prohibited 
species catches (chinook, other salmon, herring) were investigated. Figures 4-1 9 t o  4-24 
show the expected cvs for statistical estimates of total catches for prohibited species using 
the standard two-stage estimator (method l a) and the ratio estimator with the delta estimator 
'ln discussing coefficient of variation results, we present all four estimation methods here since 
unlike the catch estimates, each method provides a different estimate of the coefficient of variation. 
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(method 2a). We  selected t w o  estimators for each species that yielded the lowest cvs in  at 
least one of the seasons, in order t o  investigate the sensitivity of the variance estimation 
techniques t o  changes in  fraction of vessels samples and fraction of hauls sampled. Except 
in the case of herring, further reductions in CV are minimal as the fraction of hauls sampled is 
increased beyond 50% (except for the CDQ fishery) whereas substantial CV reductions 
continue as the fraction of cruises sampled is increased. 
Figures 4-25 to  4-30 show the expected changes in cvs of estimates of total catch of 
chinook, other salmon species, and herring for individual vessels in relation t o  the fraction of 
hauls sampled (f,) (see footnote 5). The estimates of total catch of chinook and other salmon 
by vessel are presented in Table 4-6. The results demonstrate that vessel-specific estimates 
of prohibited species catches can be highly imprecise and there is no apparent relationship 
between magnitude of salmon catch and precision. 
the observer subsampled data set and calculated using the ratio estimator 
with the delta estimator. Vessels were assigned simple numeric characters t o  
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4.1.3 Estimates of Biological Characteristics o f  Catches 
In this section w e  provide estimates of the CV for pollock population characteristics 
estimated from fleetwide catches and using different sampling strategies. We estimate 
proportions by  age, mean length, and proportion of females in total catches from the SE 
region, the NW region , and the EBS region. The fraction of hauls sampled is varied from 0.2 
to  1.0 in increments of 0.2, and the number of fish sampled from each haul is varied between 
5 and 200. 
The age-length relationships for pollock by region are presented in Figure 4-31 
(Wespestad, pers. corn.). Based on these curves w e  used length data for pollock as a proxy 
for their age. The estimated proportions of ages 1 t o  1 0 +  in the fleetwide catches of pollock 
by region is presented in Figure 4-32. Expected cvs of estimated proportions at age by  region 
for various sampling strategies are presented in Figures 4-33 to  4-41. The changes in the cvs 
of estimated proportions of females and estimated mean length of pollock in the fleetwide 
catches by season are presented in Figures 4-42 t o  4-44. 
The results reveal substantial regional differences in the precision of estimated 
proportions by age, proportions by sex, and mean length of pollock for the fleetwide catches. 
The fishing effort is significantly different between regions, with highest number of hauls and 
catch size in the SE region, and the lowest number of hauls and catch size in the EBS region. 
The SE region, therefore, receives a substantially higher sampling effort than EBS region since 
the fractions of hauls sampled, and the numbers of fish sampled from each haul are the same 
for both regions. The results suggest that catches from the SE and NW regions are 
oversampled for size and sex composition. The number of fish sampled per haul could be 
reduced as low as 40 t o  8 0  fish without any detectable loss in precision. For the SE region, 
the results also suggest that sampling of 20% or less of the hauls would yield highly 
satisfactory cvs (cv<O. l )  for estimated proportions by  age or sex. However, for other 
regions the CV appears t o  be substantially reduced over all increments of the fraction of hauls 
sampled, with the greatest reduction occurring as the fraction increases t o  greater than 80%. 
This result strongly suggests that the composition of catches varies significantly from vessel 
to  vessel. 
4.1.4 Comparison o f  Weekly Catch Estimates of Individual Observers and Industry 
In this section, data from individual observers was analyzed to  examine how estimates 
of weekly catch based on individual observer samples compare with industry reports of weekly 
catch. 
Figures 4-45 and 4-46 show comparisons of weekly catch estimates based on observer 
reports and industry reports and the linear best fit lines for the A and B seasons, respectively. 
Figures 4-47 and 4-48 present the average square error between each estimate based on 
observer data and the corresponding weekly industry report, for seasons A and B, respectively. 
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Similarly, Figures 4-49 and 4-50 show the ratio of observer report t o  industry report in each 
season. The variability illustrated in these figures results from both observer and industry 
estimate impression, but provides no basis for validating either source of estimates. 
4.2 DEMONSTRATION FISHERY 2: Yellowfin Sole 
4.2.1 Estimates of Catch 
Figure 4-51 presents five estimates of the total fleetwide groundfish catch in the 
offshore fishery for yellowfin sole. These estimates and standard errors of the t w o  statistical 
estimates are presented in Table 4-7. The standard errors are estimated by taking the square 
root o f  equation (1.3). The blend, WPR, and adjusted OTC estimates are outside the lower 
95% confidence limits of both statistical estimators; however, the confidence intervals for the 
t w o  statistical estimators are fairly similar and overlap. 
Table 4-8 compares estimates catch of total groundfish, yellowfin sole, Pacific cod, 
pollock, halibut, bairdi Tanner crab, other Tanner crab, red king crab, and other king crab using 
different estimation techniques (see Footnote 6). Contrasts are presented, first, between the 
blend estimate of total groundfish catch and the four other estimates and, secondly, between 
the blend estimates for individual species catch and statistical estimates with and without the 
delta estimator (see Footnote 6) using the observer subsampled data set. The differences 
among the estimates of total groundfish catch are fairly small, although the difference between 
the blend and the statistical estimators is greater than in the pollock fishery (approximately 9 
percent). Similar t o  the pollock fishery, both statistical estimates are greater than the blend 
estimate and the adjusted OTC and WPR estimates are less than the blend. 
Table 4-7. Statistical estimates of total groundfish catch and associated standard errors 
based on the different data groups available for the 1994  BSAl yellowfin sole 
fishery (NIA denotes not applicable) 
For individual species estimates, most of the results from the yellowfin sole fishery are 
consistent with the results of the pollock analysis. Differences among the three estimates of 
Standard Error 
N/A 
1,275 
1,449 
N/A 
N/A 
Data Group 
Adjusted OTC 
Observer Estimates (all hauls) 
Observer Estimates (subsampled hauls) 
Blend Algorithm 
WPR 
Total Catch (metric tons) 
192,885 
21 3,387 
21 3,236 
195,135 
193,590 
Table 4-8. Comparison o f  various catch estimates derived from statistical estimators and the blend method for the 1994 
BSAl yellowfin sole fishery 
Species Non-blend 
catch estimate 
Total groundfish (metric tons) 
Catch estimate based 
on blend estimate of 
total catch 
Adjusted OTC 
Adjusted OBS (all hauls) 
Adjusted OBS (subsampled hauls) 
WPR 
Percent difference between 
statistical estimator and the estimate 
based on blend total catch 
192,885 
2 13,387 
21 3,236 
193,590 
Yellowfin sole (metric tons) 
195,135 
195,135 
195.1 35 
195,135 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
-1.2 
9.4 
9.3 
-0.8 
122,007 
170,952 
Pacific cod (metric tons) 
95,491 
95,491 
27.8 
79.0 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
12,695 
12,695 
18,885 
21,886 
48.8 
72.4 
Pollock (metric tons) 
35.6 
55.9 
31,063 
31,063 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
41,129 
48,442 
Halibut (metric tons) 
-0.7 
3.9 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
755 
790 
Bairdi Tanner crab (number of individuals) 
760 
760 
7.5 
6.4 
1 ,l 05,625 
1 ,l 05,625 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
1 ,l 88,340 
1 , l  75,839 
Other Tanner crab (number of individuals) 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
8,260,188 
8,260,188 
8,493,579 
8,958,705 
2.8 
8.5 
Red king crab (number of individuals) 
7.4 
10.3 
15,115 
15.115 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
16,232 
16,676 
Other king crab (number of individuals) 
-1.8 
1.2 
1 2,543 
12,543 
Adjusted OBS (subsampled hauls); Without delta estimator 
Adjusted OBS (subsampled hauls); With delta estimator 
12,319 
12,696 
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individual species catch are generally greater than among the estimates of total groundfish 
catch. Estimates derived using a statistical estimator without the delta estimator are 
consistently closer to  the blend estimate than estimates derived with the delta estimator. In 
addition, agreement appears t o  be greatest for species that dominate the harvest (yellowfin 
sole) or are quantified numerically (all four species of crabs). In considering the estimates of 
catch of individual species statistically derived using the delta estimator, w e  note that the sum 
of catch estimates of the different species exceeds all estimates of total catch. These results 
are a consequence of the distributions and statistical properties of the data w e  employed in 
the analyses. It is important t o  recognize in consideration of the application of statistical 
procedures such as these in management that these catch estimates are statistically derived 
and have an associated degree of uncertainty and confidence limits, as is discussed further in 
the next section. 
Figure 4-52 shows the expected changes in coefficient of variation (CV) in fleetwide 
estimates of total groundfish catch as a function of observer coverage and the fraction of 
hauls sampled from each vessel. The plot shows that the CV is relatively unaffected by  
increases in the fraction of hauls sampled but it is strongly affected by the fraction of vessels 
sampled. 
Figures 4-53 through 4-61 show cumulative weekly catch estimates for catch for total 
groundfish, yellowfin sole, pollock, Pacific cod, Pacific halibut, bairdi Tanner crab, other Tanner 
crab, red king crab, and other king crab bycatch. Confidence intervals are presented for 
individual species catch estimates. In these figures, w e  present the results for estimators 
selected based on the anticipated performance o f  the estimators, the results of comparisons 
of the CV values for each of the individual species catch estimates, and the proportion of the 
species analyzed in the observed subsampled catches. As in the case of the pollock fishery, 
plots of this type could be used for the inseason monitoring of catch and bycatch. The 
differences among species in magnitude of the confidence limits illustrate the differing level 
of uncertainty associated w i th  the species estimates. 
Table 4-9 provides estimates of total groundfish catches for a small number of vessels 
from the 1994 EBS yellowfin sole fishery (selected based on diversity of catch). Figure 4-62 
presents the expected changes in the cvs of total catch estimates for individual vessels as a 
function of the fraction of hauls sampled (f,). Clearly the degree of uncertainty in  catch 
estimates varies widely among vessels and appears unrelated t o  the size of the catch. 
4.2.2 Coefficient of Variation in Estimates of Catch by Species 
Estimates of the total catch were investigated for the following non-prohibited species 
or species groups: yellowfin sole, pollock and Pacific cod. Figure 4-63 shows estimates of 
the coefficient of variation for estimates of fleetwide catches of non-prohibited species using 
the four estimation techniques presented in Section 3.2.2 (see Footnote 7). The application 
of the delta estimator, when incorporated into the standard two-stage estimator, increases the 
CV dramatically (i.e., yields a much larger variance estimate). The lowest CV for all three 
species was produced by the ratio estimator with delta. Figures 4-64 through 4-66 show 
changes in the cvs for estimates of non-prohibited species catch as a function of the fraction 
of cruises sampled (fi) and the fraction of hauls sampled (f,). As in the case of the pollock 
fishery, CV is most impacted by fraction of vessels sampled. 
Estimates of total fleetwide catches for the following prohibited species or species 
groups were investigated: Pacific halibut, bairdi Tanner crab, other Tanner crab, red king crab, 
and other king crab. Figure 4-67 provides cvs for estimated fleetwide catches of prohibited 
species based on the four different estimation methods. Only marginal differences in cvs 
result from three of the four methods wi th the standard two-stage estimator with delta 
estimator yielding the highest CV. Most vessels have very few hauls w i th  prohibited species 
catches for any particular species. The delta-estimate of mean catch per haul is identical t o  
the usual sample mean when only one haul has catch size greater than 0. Figures 4-68 
through 4-72 present cvs for estimated fleetwide catches of prohibited species in relation t o  
fraction of vessels sampled (f,) and the fraction of hauls sampled (f,), for methods l a and 2a. 
The ratio estimator tends t o  produce lower CV values with or without the delta estimator than 
the two-stage estimator for most species. 
Table 4-9. Estimates of total groundfish catch and associated standard error for 
selected factory trawlers participating in the 1994 BSAI yellowfin sole 
fishery. Catch estimates based on the observer subsampled data set. 
Vessels were assigned simple numeric characters t o  maintain anonymity. 
4.2.3 Estimates of Biological Characteristics of Catches 
Vessel 
7 
8 
9 
1 0  
11  
1 2  
In this section w e  provide estimates of the CV for yellowfin sole population characteris- 
tics estimated from fleetwide catches and using different sampling strategies (see footnote 5). 
We estimate proportions by age, mean length, and proportion of females in total catches from 
the 1994 EBS fishery. The fraction of hauls sampled are varied from 0.2 t o  1.0 in increments 
of 0.2, and the number of f ish sampled from each haul are varied between 5 and 200. 
Total Catch (mt) 
299 
7,275 
6,352 
8,068 
598 
1,845 
Standard Error 
1 6  
1 4 2  
158 
2 1 4  
1 9  
127 
\!emoN:lI?Nc. 
Results 
Figure 4-73 presents the length at age relationship for yellowfin sole based on 12  years 
(1 979 to  1990) of data from AFSC surveys (Wilderbuer 1996). Based on this age-length curve 
we used length frequency data as a proxy for the age composition in yellowfin sole catches. 
The estimated proportions of ages 3 to  1 4 +  in the fleetwide catches of yellowfin sole is 
presented in Figure 4-74. Figures 4-75 t o  4-78 present cvs for estimated proportions at age 
using various sampling strategies. Yellowfin sole begin to  recruit t o  the fishery at age 7 and 
they are fully recruited at age 13  (Wilderbuer 1 996). Estimated age of 50% maturity is around 
10.5 years (Nichol 1 996). 
The cvs for the estimated proportions of females and for estimated mean length of 
yellowfin sole are presented in Figure 4-79. These plots illustrate that the optimal fraction of 
hauls t o  be sampled and the optimum number of fish t o  be sampled per haul varies widely 
depending on which biological characteristic is considered. 
4.2.4 Comparison of Weekly Catch Estimates of Individual Observers and Industry 
Figure 4-80 shows a comparison of weekly catch estimates based on observer reports 
and industry reports, and the linear best-fit lines. Figure 4-81 presents the average square 
error between each estimate based on observer data and the corresponding weekly industry 
report. Similarly, Figure 4-82 shows the ratio of observer report t o  industry report. Variability 
is higher than in the pollock fishery and the source of the variability would be both data sets, 
with there being no means of independent validation of either. 
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F i g u r e  4-1. T o t a l  groundfish catch e s t i m a t e s  for the t h r e e  s e a s o n s  of t h e  1994 BSAl pollock 
f i s h e r y  using f i v e  d i f f e r e n t  e s t i m a t i o n  m e t h o d s .  T h e  u p p e r  a n d  l o w e r  95% 
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Figure 4-2. Associated coefficients of variation in estimated fleetwide catch of all 
groundfish species during the three seasons on the 1994 BSAl pollock fishery 
as a function of the fraction of vessels sampled (f,) and the fraction of hauls 
sampled (f,). Statistics based on the adjusted OTC data set. 
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Figure 4-3. Estimates of cumulative weekly total catch of all groundfish species for the 
three seasons of the 1994 BSAl pollock fishery. Estimates are based on the 
adjusted OTC data set. 
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Estimates o f  cumulative weekly catch of pollock for the three seasons o f  the 
1994 BSAl pollock fishery. The upper 95% confidence intervals are shown as 
T-bars. Estimates are based on the standard two-stage estimator and the 
observer subsampled data set. 
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Figure 4-5. Estimates of cumulative weekly catch of Pacific cod for the three seasons of the 
1994 BSAl pollock fishery. The upper 9 5 %  confidence intervals are shown as 
T-bars. Estimates are based on the standard two-stage estimator and the 
observer subsampled data set. 
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Figure 4-8. Estimates of cumulative weekly catch of other salmon for the three seasons of 
the 1994 BSAl pollock fishery. The upper 95% confidence intervals are shown 
as T-bars. Estimates are based on the ratio estimator w i th  the delta estimator 
and the observer subsampled data set. 
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Figure 4-9. Estimates of cumulative weekly catch of herring for the three seasons of the 
1994 BSAl pollock fishery. The upper 95% confidence intervals are shown as 
T-bars. Estimates are based on the ratio estimator wi th the delta estimator and 
the observer subsampled data set. 
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Figure 4-10. Associated coefficients of variation in several vessels' estimated catch of all 
groundfish species in the three seasons of the 1994 BSAl pollock fishery in 
relation t o  fraction of hauls sampled (f,). Fraction of vessels sampled was held 
at 1 .O. Statistics based on the observer subsampled data set. Vessels were 
assigned simple numeric characters t o  maintain anonymity. 
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Figure 4-1 1. Associated coefficients of variation for four different fleetwide catch estimates 
of three groundfish species caught during the three seasons of the 1994 BSAl 
pollock fishery 
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Figure 4-1 2. Associated coefficients of variation in estimated fleetwide catch of pollock in 
the three seasons of the 1994 BSAl pollock fishery using the standard two-  
stage estimator. The coefficients of variation are shown in relation t o  the 
fraction of vessels sampled (f,) and fraction of hauls sampled (f,). 
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Figure 4-1 3. Associated coefficients of variation in estimated fleetwide catch of pollock the 
three seasons of the 1994 BSAl pollock fishery using the ratio estimator wi th 
the delta estimator. The coefficients o f  variation are shown in relation t o  the 
fraction o f  vessels sampled (f,) and fraction of hauls sampled (f,) 
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Figure 4-1 4. Associated coefficients of variation in estimated fleetwide catch of Pacific cod 
during the three seasons of the 1994 BSAl pollock fishery using the standard 
two-stage estimator. The coefficients of variation are shown in relation to  the 
fraction of vessels sampled (f,) and fraction of hauls sampled (f,) 
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Figure 4-1 5. Associated coefficients of variation in estimated fleetwide catch of Pacific cod 
during the three seasons of the 1994 BSAl pollock fishery using the ratio 
estimator with the delta estimator. The coefficients of variation are shown in 
relation t o  the fraction of vessels sampled (f,) and fraction of hauls sampled (f,). 
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Figure 4-1 6. Associated coefficients of variation in estimated fleetwide catch of rock sole 
during the three seasons of the 1994 BSAl pollock fishery using the standard 
two-stage estimator. The coefficients of variation are shown in relation t o  the 
fraction of vessels sampled (f,) and fraction of hauls sampled (f,) 
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Figure 4-1 7. Associated coefficients of variation in estimated fleetwide catch of rock sole 
during the three seasons of the 1 9 9 4  BSAl pollock fishery using the ratio 
estimator wi th the delta estimator. The coefficients of variation are shown in 
relation t o  the fraction of vessels sampled (f,) and fraction of hauls sampled (f,). 
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Figure 4-18. Associated coefficients of variation from four different fleetwide catch 
estimates of three prohibited species in the  three seasons of the 1994 BSAl 
pollock fishery 
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Figure 4-19. Associated coefficients of variation in estimated fleetwide catch o f  chinook 
salmon during the three seasons of the 1994 BSAl pollock fishery using the 
standard two-stage estimator. The coefficients of variation are shown in 
relation to  the fraction of vessels sampled (f,) and fraction of hauls sampled (f,), 
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Figure 4-20. Associated coefficients of variation in estimated fleetwide catch of chinook sal- 
mon during the three seasons of the 1994 BSAl pollock fishery using the ratio 
estimator with the delta estimator. The coefficients of variation are shown in 
relation t o  the fraction of vessels sampled (f,) and fraction of hauls sampled (f,). 
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Figure 4-21. Associated coefficients of variation in estimated fleetwide catch of salmon other 
than chinook during the three seasons of the 1994  BSAl pollock fishery using 
the standard two-stage estimator. The coefficients of variation are shown in 
relation t o  the fraction of vessels sampled (f,) and fraction of hauls sampled (f,). 
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Figure 4-22. Associated coefficients of variation in  estimated fleetwide catch of salmon other 
than chinook during the three seasons o f  the 1994 BSAl pollock fishery using the 
ratio estimator with the delta estimator. The coefficients of variation are shown in 
relation to  the fraction of vessels sampled (f,) and fraction of hauls sampled (f,). 
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Figure 4-23. Associated coefficients of variation in estimated fleetwide catch of herring 
during the three seasons of the 1994 BSAl pollock fishery using the standard 
two-stage estimator. The coefficients of variation are shown in relation t o  the 
fraction of vessels sampled (f,) and fraction of hauls sampled (f,) 
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Figure 4-24. Associated coefficients of variation in estimated fleetwide catch of herring 
during the three seasons of the 1994 BSAl pollock fishery using the ratio 
estimator w i th  the delta estimator. The coefficients of variation are shown in 
relation t o  the fraction of vessels sampled (f,) and fraction of hauls sampled (f,). 
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Figure 4-25. ~ s s z a t e d  coefficients of variation in estimated fleetwide catch of chinook 
salmon from individual vessels during the three seasons of the 1 9 9 4  BSAl 
pollock fishery using the standard two-stage estimator. The coefficients of 
variation are shown in relation t o  the fraction of hauls sampled (f,). The fraction 
of vessels sampled was held at 1 .O. Vessels were assigned simple numeric 
characters t o  maintain anonymity. 
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Figure 4-26. Associated coefficients of variation in estimated catch of chinook salmon from 
individual vessels during the three seasons o f  the 1994 BSAl pollock fishery 
using the ratio estimator. The coefficients of variation are shown in relation t o  
hauls sampled (f,). The fraction of vessels sampled was held at 1 .O. Vessels 
were assigned simple numeric characters t o  maintain anonymity. 
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Figure 4-27. Associated coefficients of variation in estimated catch of salmon other than 
chinook from individual vessels during the three seasons of the 1994  BSAl 
pollock fishery using the standard two-stage estimator. The coefficients of 
variation are shown in relation t o  the fraction of hauls sampled (f,). The fraction 
of vessels sampled was held at 1 .O. Vessels were assigned simple numeric 
characters t o  maintain anonymity. 
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Figure 4-28. Associated coefficients of variation in estimated catch of salmon other than 
chinook from individual vessels during the  three seasons of the 1994 BSAl 
pollock fishery using the ratio estimator with the delta estimator. The 
coefficients of variation are shown in relation t o  the fraction of hauls sampled 
( f .  The fraction of vessels sampled w a s  held at 1 .O. Vessels were assigned 
simple numeric characters t o  maintain anonymity. 
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Figure 4-29. Associated coefficients of variation in estimated catch of herring from individual 
vessels during the three seasons of the  1994 BSAl pollock fishery using the 
standard two-stage estimator. The  coefficients of variation are shown in 
relation t o  the fraction of hauls sampled (f,). The fraction of vessels sampled 
was held at 1.0. Vessels were assigned simple numeric characters t o  maintain 
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anonymity. 
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Figure 4-30. Associated coefficients of variation in estimated catch of herring from individual 
vessels during the three seasons of the 1 9 9 4  BSAl pollock fishery using the 
ratio estimator. The coefficients of variation are shown in relation t o  the 
fraction of hauls sampled (f,). The fraction of vessels sampled was held at 1.0. 
Vessels were assigned simple numeric characters t o  maintain anonymity. 
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Figure 4-31. Age-length relationships for pollock by region. (SE - Southeast [areas 501. 509. 
5 1 2. 5 1 3. 5 1 4, 5 1 6, 5 1 7. 5 1 91; EBS - Eastern Bering Sea [areas 54. 542. 5431; 
NW - Northwest [areas 521. 523, 5241) 
\ r e ~ . ~ ~ W i c  Results 
\ 
Region 
II S E  
NW 
1 EBS 
4 6 8 10+ 
Age  (years) 
Figure 4-32. Estimated proportions at ages 1 t o  10+ in overall catches of pollock catch by 
region for the 1994. (SE - Southeast [areas 501, 509, 51 2, 51 3, 514, 51 6, 
51 7, 51 91; EBS - Eastern Bering Sea [areas 54, 542, 5431; N W  - Northwest 
[areas 521, 523, 5241) 
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Figure 4-33. Associated coefficients of variation in estimated proportions of pollock in the Eastern Bering Sea region at a) 
age 3, b) age 4, and c) age 5, as function of the fraction of hauls samples (f,) and the number of fish 
sampled per haul, for the 1994 BSAl pollock fishery 
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Figure 4-34. Associated coefficients of variation in estimated proportions of pollock in the Eastern Bering Sea region at a) 
age 6, b) age 7, and c) age 8, as function of the fraction of hauls samples (f,) and the number of fish 
sampled per haul, for the 1994 BSAl pollock fishery 
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Figure 4-35. Associated coefficients of variation in estimated proportions of pollock in the 
Eastern Bering Sea region at a) age 9 and b) age 10+,  as a function of the 
fraction of hauls sampled (f,) and the number of fish sampled per haul, for the 
1994 BSAl pollock fishery 
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Figure 4-36. Associated coefficients of variation in estimated proportions of pollock in the northwest region at a) age 3, b) 
age 4, and c) age 5, as a function of the fraction of hauls sampled (f,) and the number of fish sampled per 
haul, for the 1994 BSAl pollock fishery 
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Figure 4-37. Associated coefficients of variation in estimated proportions of pollock in the northwest region at a) age 6, 
b) age 7, and c) age 8, as a function of the fraction of hauls sampled (f,) and the number of fish sampled per 
haul, for the 1994 BSAl pollock fishery. 
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Figure 4-38. Associated coefficients of variation in estimated proportions of pollock in the 
northwest region at a) age 9 and b) age 10 +, as a function of the fraction of 
hauls sampled (f,) and the number of fish sampled per haul, for the 1994 BSAl 
pollock fishery 
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Figure 4-39. Associated coefficients of variation in estimated proportions of pollock in the southeast region at a) age 3, b) 
age 4, and c) age 5, as a function of the fraction of hauls sampled (f,) and the number of fish sampled per 
haul, for the 1994 BSAI pollock fishery 
Fraction of hauls sampled 
0 40 80 120 160 200 
Number of fish sampled per haul 
0 40 80 120 160 200 
Number of fish sampled per haul 
0 40 80 120 160 200 
Number of f ~ s h  sampled per haul 
Figure 4-40. Associated coefficients of variation in estimated proportions of pollock in the southeast region at a) age 6, bl 
age 7, and c) age 8, as a function of the fraction of hauls sampled (f,) and the number of fish sampled per 
haul, for the 1994 BSAl pollock fishery 
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Figure 4-41. Associated coefficients of variation in estimated proportions of pollock in the 
southeast region at a) age 9 and b) age 10+, as a function of the fraction of 
hauls sampled (f,) and the number of fish sampled per haul, for the 1994 BSAl 
pollock fishery 
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Figure 4-42. Associated coefficients of variation in a) estimated percent females and b) 
estimated mean length of pollock in the Eastern Bering Sea region, as a function 
of the fraction of hauls sampled (f,) and the number of fish sampled per haul, 
for the 1994 BSAl pollock fishery 
Wera~:b~%, Results 
0.00 l I I I 1 I I I I I 
0 40 80 l 2 0  160 200 
Number of fish sampled per haul 
0 40 80 120 160 200 
Number of fish samljled per haul 
Fraction of hauls sampled 
Figure 4-43. Associated coefficients of variation in a) estimated percent females and b) 
estimated mean length of pollock in the northwest region, as a function of the 
fraction of hauls sampled (f,) and the number of fish sampled per haul, for the 
1994 BSAl pollock fishery 
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Figure 4-44. Associated coefficients of variation in a) estimated percent females and b) 
estimated mean length of pollock in the southeast region, as a function of the 
fraction of hauls sampled (f,) and the number of fish sampled per haul, for the 
1994 BSAl pollock fishery 
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Figure 4-45. 1994 BSAl offshore pollock fishery, A Season - comparison of weekly catch 
estimates based on observer reports and industry reports 
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Figure 4-46. 1994 BSAl offshore pollock fishery, B Season - comparison of weekly catch 
estimates based on observer reports and industry reports 
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Figure 4-47. Average square errors between observer estimates and corresponding weekly 
production report estimates for the A Season of the 1994  BSAl pollock fishery 
(provide a measure of closeness t o  best-fit line through points of observer 
estimates vs. weekly production report). Simple numeric characters were 
assigned t o  each observer t o  maintain anonymity. 
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Figure 4-48. Average square errors between observer estimates and corresponding weekly 
production report estimates for the B Season of the 1994 BSAl pollock fishery 
(provide a measure of closeness t o  best-fit line through points of observer 
estimates vs. weekly production report). Simple numeric characters were 
assigned to  each observer t o  maintain anonymity. 
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Figure 4-49. Ratios of observer reports to industry reports for the 1994 BSAl pollock fishery, 
A Season. Simple numeric characters were assigned to each observer to 
maintain anonymity. 
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Figure 4-50. Ratios of observer reports to  industry reports for the 1994 BSAl pollock fishery, 
B Season. Simple numeric characters were assigned to each observer t o  
maintain anonymity. 
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Figure 4-5 1. Total groundfish catch estimates for the 1994 BSAI yellowfin sole fishery using 
five different estimation methods. The upper and lower 95% confidence 
intervals for the adjusted OBS estimates are shown as T-bars. 
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Figure 4-52. Associated coefficients of variation in estimated fleetwide catch of all 
groundfish species during the 1994 BSAl yellowfin sole fishery, as a function 
of the fraction of vessels sampled (f,) and the fraction of hauls sampled (f,). 
Statistics based on the adjusted OTC data set. 
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Figure 4-53. Estimates of cumulative weekly total catch of all groundfish species during the 
1994 BSAl yellowfin sole fishery. The upper 9 5 %  confidence intervals are 
shown as T-bars. Estimates are based on the adjusted OTC data set. 
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Figure 4-54. Estimates of cumulative weekly catch of yellowfin sole during the 1994 BSAl 
yellowfin sole fishery. The upper 95% confidence intervals are shown as T- 
bars. Estimates are based on the standard two-stage estimator and the 
observer subsampled data set. 
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Figure 4-55. Estimates of cumulative weekly catch of pollock during the 1994 BSAl yellowfin 
sole fishery. The upper 95% confidence intervals are shown as T-bars. 
Estimates are based on the standard two-stage estimator and the observer 
subsampled data set. 
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Figure 4-56. Estimates of cumulative weekly catch of Pacific cod during the 1994 BSAl 
yellowfin sole fishery. The upper 9 5 %  confidence intervals are shown as T- 
bars. Estimates are based on the standard two-stage estimator and the 
observer subsampled data set. 
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Figure 4-57. Estimates of cumulative weekly catch of halibut during the 1994 BSAl yellowfin 
sole fishery. The upper 9 5 %  confidence intervals are shown as T-bars. 
Estimates are based on the ratio estimator with the delta estimator and the 
observer subsampled data set. 
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Figure 4-58. Estimates of cumulative weekly catch of bairdi Tanner crab during the 1 9 9 4  
BSAl yellowfin sole fishery. The upper 95% confidence intervals are shown as 
T-bars. Estimates are based on the ratio estimator wi th the delta estimator and 
the observer subsampled data set. 
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Figure 4-59. Estimates of cumulative weekly catch of other Tanner crab during the 1994  
BSAl yellowfin sole fishery. The upper 95% confidence intervals are shown as 
T-bars. Estimates are based on the ratio estimator w i th  the delta estimator and 
the observer subsampled data set. 
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Figure 4-60. Estimates of cumulative weekly catch of red king crab during the 1994 BSAl 
yellowfin sole fishery. The upper 95% confidence intervals are shown as T- 
bars. Estimates are based on the ratio estimator w i th  the delta estimator and 
the observer subsampled data set. 
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Figure 4-61. Estimates of cumulative weekly catch of other king crab during the 1994 BSAl 
yellowfin sole fishery. The upper 95% confidence intervals are shown as T- 
bars. Estimates are based on the ratio estimator with the delta estimator and 
the observer subsampled data set. 
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Figure 4-62. Associated coefficients of variation for total catch of selected factory trawlers 
participating in the 1994 BSAl yellowfin sole fishery in  relation t o  fraction of 
hauls sampled (f,). Fraction of vessels sampled was held at 1 .O. Statistics 
based on observer subsampled data sets. Vessels were assigned simple 
numeric characters t o  maintain anonymity. 
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Figure 4-63. Associated coefficients of variation for four different fleetwide catch estimates 
of three groundfish species caught during the 1994 BSAl yellowfin sole fishery 
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Figure 4-64. Associated coefficients of variation in estimated fleetwide catch of yellowfin 
sole during the 1994 BSAl yellowfin sole fishery as a function of the fraction of 
vessels sampled (f,) and the fraction of hauls sampled (f,). Results are 
presented for the standard two-stage estimator and the ratio estimator with the 
delta estimator. 
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Figure 4-65. Associated coefficients of variation in estimated fleetwide catch of pollock 
during the 1994 BSAl yellowfin sole f ishery as a function of the fraction of 
vessels sampled (f,) and the fraction o f  hauls sampled (f,). Results are 
presented for the standard two-stage estimator and the ratio estimator w i th  the 
delta estimator. 
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Figure 4-66. Associated coefficients of variation in estimated fleetwide catch of Pacific cod 
during the 1994 BSAl yellowfin sole fishery as a function of the fraction of 
vessels sampled (f,) and the fraction o f  hauls sampled (f,). Results are 
presented for the standard two-stage estimator and the ratio estimator with the 
delta estimator. 
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Figure 4-67. Associated coefficients of variation from four different fleetwide catch 
estimates of five prohibited species caught during the 1994 BSAl yellowfin sole 
fishery 
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Figure 4-68. Associated coefficients of variation in estimated fleetwide catch of halibut 
during the 1994 BSAl yellowfin sole f ishery as a function of the fraction of 
vessels sampled (f,) and the fraction of hauls sampled if,). Results are 
presented for the standard two-stage estimator and the ratio estimator with the 
delta estimator. 
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Figure 4-69. Associated coefficients of variation in estimated fleetwide catch of bairdi Tanner 
crab during the 1994 BSAl yellowfin sole fishery as a function of the fraction 
of vessels sampled (f,) and the fraction of hauls sampled (f,). Results are 
presented for the standard two-stage estimator and the ratio estimator with the 
delta estimator. 
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Figure 4-70. Associated coefficients of variation in estimated fleetwide catch of other Tanner 
crab during the 1994 BSAl yellowfin sole fishery as a function of the fraction 
of vessels sampled (f,) and the fraction o f  hauls sampled (f,). Results are 
presented for the standard two-stage estimator and the ratio estimator w i th  the 
delta estimator. 
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Figure 4-71. Associated coefficients of variation in estimated fleetwide catch of red king crab 
during the 1994 BSAl yellowfin sole fishery as a function of the fraction of 
vessels sampled (f,) and the fraction o f  hauls sampled (f,). Results are 
presented for the standard two-stage estimator and the ratio estimator wi th the 
delta estimator. 
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Figure 4-72. Associated coefficients of variation in estimated fleetwide catch of other king 
crab during the 1994 BSAl yellowfin sole fishery as a function of the fraction 
of vessels sampled (f,) and the fraction o f  hauls sampled (f,). Results are 
presented for the standard two-stage estimator and the ratio estimator with the 
delta estimator. 
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Figure 4-73. Age-length relationships for the 1994  BSAl yellowfin sole fishery 
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Figure 4-74. Estimated proportions at age for yellowfin sole caught during the 1994 BSAl 
yellowfin sole fishery 
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Figure 4-75. Associated coefficients of variation in estimated proportions of yellowfin sole at a) age 3, b) age 4, and c) 
age 5, as a function of the fraction of hauls sampled and the number of fish sampled per haul, for the 1994 
BSAl yellowfin sole fishery 
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Figure 4-76. Associated coefficients of variation in estimated proportions of yellowfin sole at a) age 6, b) age 7, and c) 
age 8, as a function of the fraction of hauls sampled and the number of fish sampled per haul, for the 1994 
BSAl yellowfin sole fishery 
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Figure 4-79. Associated coefficients of variation in a) estimated percent females and b) 
estimated mean length of yellowfin sole, as a function of the fraction of hauls 
sampled and the number of fish sampled per haul, for the 1994  BSAl yellowfin 
sole fishery 
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Figure 4-80. 1994 BSAl yellowfin sole fishery - comparison of weekly catch estimates based 
on observer reports and industry reports 
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Figure 4-81. Average square errors between observer estimates and corresponding weekly 
production report estimates for the 1994 BSAl yellowfin sole fishery (provides 
a measure of closeness to best-fit line through points of observer estimates vs. 
weekly production report). Simple numeric characters were assigned to each 
observer to maintain anonymity. 
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Figure 4-82. Ratios of observer reports to industry reports for the 1994 BSAl yellowfin sole 
fishery. Simple numeric characters were assigned to each observer to maintain 
anonymity. 

\veB*N:IB?Nc. Conclusions and Recommendations 
5.0 CONCLUSIONS AND RECOMMENDATIONS 
It is important t o  note that this project consisted of exploratory data integration and 
statistical analysis as a basis for investigating the relative merits of various alternative means 
of estimating catch and catch characteristics of harvests taken in the groundfish fishery in the 
EEZ off Alaska. While w e  have attempted t o  duplicate the procedures employed by AFSC t o  
estimate total  and individual species catch, using actual raw data sets, for the purposes of 
comparison t o  alternative estimation procedures, w e  have not employed in this project any 
catch estimates provided by AFSC. 
It is also important t o  note that there is no independent means of validating any of the 
estimates derived in our analyses. The only basis for addressing the merits of each estimation 
procedure is through comparison with estimates derived following other procedures. Thus, in 
evaluating alternative means of estimating total groundfish catch as well as total species 
catch, we have focussed on comparisons of alternative estimators t o  our o w n  application of 
the blend analysis. We selected the blend analysis for this focus because it is the procedure 
currently used in management of these fisheries, and these comparisons illustrate what the 
potential consequences t o  management decisions might have been if one of the other catch 
estimation procedures had been employed. However, such comparisons do not provide a basis 
for determining which estimates may be biased or the magnitude and direction of any biases. 
For statistical estimates, procedures that produce the most efficient estimators (i.e., those 
w i th  the tightest confidence limits and the lowest CV) would generally be preferable t o  
procedures yielding higher cvs. For example, in  the case of prohibited species, use of an 
estimator with a large confidence limit is more likely t o  result in  premature closure of a fishery 
or excessive harvest of the species than would be the case if an estimator with lower CV were 
used. However, as in the case of catch estimates, the validity of each of the variance 
estimates cannot be established through comparisons among them. 
Our analyses provide insights t o  characteristics of observer program data and pro- 
cedures not previously available. Our major findings are as follows: 
the blend estimate of total groundfish catch in the pollock fishery is lower than, but 
within the 9 5 %  confidence limits of the t w o  statistical estimates of that catch in 
both A and B seasons; the WPR and adjusted OTC estimates fall below the 95% 
confidence limits of the statistical estimates; the WPR and adjusted OTC estimates 
do not have confidence limits, since they are simply the sums of the complete 
respective data sets and thus have no associated variance; because all of  the data 
sets are not independent of each other (e.g., observer data on PSC and NONA 
catch was used t o  adjust the OTC data; the OTC data set includes some of the 
same data included in the OBS data set), rigorous statistical contrasts among the 
estimates are not valid; the differences among these estimates could be a result of 
inherent bias in  the OTC or WPR data sets, or from biases in some procedural 
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element of the observer program, or a combination of both; the narrow confidence 
limits o f  the statistical estimates encompass the blend, and the difference between 
the blend estimate and statistical estimates of catch is less than 5%; thus, the 
consequences t o  management decisions of use of the statistical estimates instead 
of the blend estimates in the pollock fishery would have been minimal in 1994, the 
year during which these data were collected. 
for the yellowfin sole fishery, the adjusted OTC, blend and WPR estimates of total 
groundfish catch all fall below the lower 9 5 %  confidence limits of the t w o  
statistical estimators; while this result is, in part, due t o  the relatively narrow 
confidence limits of the estimates (i.e., i ts relatively high precision), the non- 
statistical estimates are all on the order of 10% lower than the statistical estimates 
of the total groundfish catch and in relative close agreement w i th  each other; w e  
have no rigorous explanation for these differences, or for w h y  the differences are 
larger than in the case of the pollock fishery; one observation based on the limited 
information developed on individual vessel catch in the t w o  fisheries (Tables 4-5 
and 4-9) is that the variation in catch among vessels in  the yellowfin sole fishery 
may be greater than in the pollock fishery, which might introduce some type of bias 
into the estimates; management of this fishery using the statistical estimator 
instead of the blend estimate would have potentially resulted in attaining TACs 
earlier in the season. 
focusing on the fleetwide estimates of individual species catches, the statistical 
estimates derived using the delta estimator are, in nearly all cases, higher than the 
statistical estimates derived without the delta estimator, and the statistical 
estimates are generally higher than the estimates derived using the blend; the 
differences are very large for some species, particularly in the A Season pollock 
fishery (e.g., 101 %, 321 %); the largest differences occur for the species that make 
up a small portion of the total catch, and the differences among the estimates are 
most likely due t o  the underlying distribution of the species catch per haul within 
the data sets used in our analyses; as was discussed above, the data sets used in 
these investigative analyses do not provide a means of validating any of the 
estimators investigated; given the substantial differences among some o f  the 
estimates for some species, these results do not provide a basis for identifying 
which is the most valid; the adoption of one of the statistical estimators could 
clearly have impacted the management of these fisheries in the year during which 
the data were collected. 
the precision of statistical estimates of fleetwide catch in both the pollock and 
yellowfin sole fisheries is more dependent on observer coverage of vessels than o n  
fraction of hauls sampled; our analyses suggest that substantial improvements in 
the precision of statistical catch estimates that can be derived from the current 
observer program could only be attained by sampling nearly all hauls, and that the 
existing level of observer coverage and haul fraction sampled provide for adequate 
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statistical precision, at least for the most abundant species in the catch. However, 
the statistical precision decreases substantially for those species that comprise a 
relatively low proportion of the total catch; because of the high variability in catch, 
the need for complete observer coverage of the CDQ season within the pollock 
fishery is strongly substantiated by the results of these analyses. 
l substantial differences in haul variability exist among vessels participating in both 
the pollock and the yellowfin sole fisheries, such that the same magnitude increase 
in fraction of hauls sampled may result in a substantially different magnitude of 
decrease in CV for different vessels; the implication of this finding is that taking into 
account the among-vessel variability in catch, if it could be projected in some way, 
might permit more optimal allocation of observer effort; the limited data examined 
suggest that, in  the pollock fishery, improved precision in individual vessel catch 
estimates could result if the fraction of hauls sampled were t o  be varied according 
t o  magnitude of catch of the vessel; however, given the somewhat serendipitous 
nature of fisheries, the relative magnitude of catch among vessels of a single size 
class is likely t o  be, for the most part, unpredictable. 
l as a generalization, it appears that most biological characteristics of catch in the 
experimental pollock fishery could be estimated t o  an acceptable level of precision 
by sampling fewer fish than at present (i.e., less than 150), and, in the southeast 
region, wi th sampling of as few  as 20 percent of the hauls; however, substantial 
differences exist between regions and among biological characteristics in what  
would constitute an optimal sampling regime applicable simultaneously t o  all bio- 
logical characteristics being recorded 
The results of our analyses establish the feasibility of using statistical estimation pro- 
cedures t o  manage the observed fisheries and illustrate the benefits that might be gained b y  
doing so. Of greatest benefit is the fact that statistical precision of estimates of target and 
prohibited species catch could be calculated and tracked. Knowledge of the statistical preci- 
sion of these estimates would permit fisheries managers t o  make decisions based on an 
objective quantitative measure of the uncertainty associated w i th  any management decision 
they might consider. Such information would be particularly valuable in cases where decisions 
regarding possible fishery closures might have substantial economic andlor biological conse- 
quences, such as when closure due to  reaching the maximum allowed catch of a prohibited 
species is imminent while the target fishery cumulative catch is not near its allowable limit. 
Our results also provide managers w i th  a means o f  evaluating the efficiency and 
effectiveness of various elements of the observer program for meeting management objectives. 
We found substantial regional differences in the precision achievable wi th similar sampling 
intensity of estimated proportions by age, proportions by  sex, and mean length of pollock for 
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the fleetwide catches.* The fishing effort is significantly different between regions, w i th  
highest number of hauls and catch size in the SE region, and the lowest number of hauls and 
catch size in the EBS region. Our findings (Figures 4-33 through 4-44) illustrate that less 
sampling effort in the SE and NW regions is needed t o  achieve a level of precision for most 
population attributes that would require a higher level of effort in  the EBS region. However, 
the level of sampling effort necessary to  achieve the same level of precision also varied among 
the attributes themselves. In the SE region for example, the results suggest that sampling of 
20% or less o f  the hauls would yield highly satisfactory cvs (cv<O.l) for estimated 
proportions by sex and for most age groups. However, for other regions, achieving a desirable 
CV requires that a much higher fraction of hauls be sampled, and the CV appears t o  be 
substantially reduced over all increments of the fraction of hauls sampled, w i th  the greatest 
reduction occurring as the fraction increases t o  greater than 80%. This result strongly 
suggests that the composition of catches varies significantly among regions. Many biological 
characteristics can be quantified with an adequate degree of statistical precision by examining 
fewer fish than are handled at present. However, because the optimal combination of fraction 
of hauls sampled and number of fish sampled per haul varies substantially among biological 
characteristics (e.g., age fraction, sex ratio), managers will have t o  establish priorities among 
the measured parameters in order to  define the optimal sampling regime. Because the primary 
cost of the observer program is in stationing observers on vessels, and statistical precision is 
primarily improved by increasing observer coverage of vessels, it does not appear that the 
implementation of statistical estimation procedures would contribute t o  a reduction in overall 
cost of the observer program, i f  a high degree of precision is desired for the estimates. 
However, these findings could contribute t o  establishing h o w  the observer's efforts devoted 
t o  determining catch composition can be best allocated t o  achieve the highest precision 
estimates. 
Development of a valid statistically-driven management regime would require some 
modifications of the present observer program. Following current data collection procedures, 
estimates of overall variance in vessel specific or fleetwide estimates of catch and by-catch 
cannot be obtained because species composition and weight information is not recorded for 
each sub-sampling unit (e.g., by baskets or partial-haul samples). For individual vessel 
estimates the sub-sampling of catches could potentially have a large effect on the variance of 
weekly catch and by-catch estimates. lnseason management based on individual vessels 
quotas could potentially be quite sensitive t o  variability caused by  sub-sampling. For fleetwide 
estimates the effects of sub-sampling will generally be smaller, because of the larger sample 
sizes at the third sampling stage. 
Experiments were conducted onboard one vessel during 1995 t o  evaluate the effect of 
basket subsampling on the precision of catch and bycatch estimates. The results indicated 
*we selected age and sex proportions and mean length to examine in our analyses because 
they are important inputs to management of these stocks; this same analytical approach could be 
applied to investigate in more detail the impact of alternative sampling strategies on other population 
attributes. 
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that the variability in  species composition between baskets is small relative t o  the variability 
in composition between tows (Han Lin-Lai, personal communication, National Marine Fisheries 
Service, Woods Hole, MA). However, for the single cruise subject t o  experimental basket 
sampling, the catch rates of prohibited species were relatively low. The results, hence, may 
not represent typical variability resulting from basket sampling. Areas or vessels with higher 
rates of prohibited species, for example, could potentially have much more variability between 
basket samples. 
A large-scale experiment was conducted during the spring o f  1996 in order t o  obtain 
approximate estimates of the overall variance in fleetwide catch and by-catch estimates, 
including the component resulting from sub-sampling of catches. For the t w o  demonstration 
fisheries selected in cooperation with AFSC and NOAAts Office of Management in Juneau, a 
systematic sample of about every 5 th  t o w  sampled by  the observers was subject t o  experi- 
mental subsampling. The systematic selection is practical t o  implement in the field, and 
reduces the effects of local homogeneity by  spreading the sampling out in time. 
Of the three kinds of sampling used t o  estimate catch composition whole haul sampling 
provides for the greatest precision since it is a total census of harvest. However, whole haul 
sampling is only feasible in limited circumstances, such as for observing the bycatch of 
prohibited species in some fisheries (e.g., counting the number of salmon in a haul targeting 
pollock). Whole haul sampling would not be possible for highly mixed catches, or for pro- 
hibited species that occur in large quantities. Many logistical constraints also exist t o  
modifications of existing procedures. Observers typically have less than ten baskets for 
collecting and weighing the sampled catch from a sampled haul. Thus, if whole-haul sampling 
is employed for all prohibited species, the baskets may fill up  long before the entire haul has 
been sampled. The sampled fish would then have t o  be processed before sampling could con- 
tinue, thus slowing down the handling of the catch by the vessel crew. Partial-haul sampling 
is an alternative because it is less time consuming, and interferes less with the work of the 
fishermen. In partial-haul sampling, a fairly large fraction of the haul is usually sampled. For 
vessels with a surveyed holding-bin an approximate estimate of the total weight of the partial 
haul may be obtained by observing the change in volume from taking out a partial sample of 
the catch. However, for partial haul sampling, the sampling unit may not always be clearly 
defined. As a result, it may not be feasible t o  obtain estimates of sampling variability resulting 
from this type of sub-sampling. However, the observer manual instructs (p. 3-1 5) that samples 
be selected from different parts of the bin or hold. We think it may be possible t o  obtain 
approximate estimates of the variance component due to  sub-sampling by  recording the infor- 
mation for each sample from the catch. One possibility, for instance, could be t o  conceptually 
divide the whole catch into four parts, and then record the partial haul-samples from each 
quarter of the catch. This would allow an approximate estimate of the variance. 
In conducting the analyses reported here, w e  have identified a number of additional 
analyses or program modifications that might enhance the observer program and the 
management of the fisheries t o  which the program is applied. For a fishery with less than 
100% observer coverage of fishing days, the methods for three-stage sampling could be used 
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t o  estimate the CV of means and proportions for fish in  fleetwide catches. For a fishery con- 
ducted by a mixed fleet of small (< 125 ft) and large vessels ( r  125 ft), the fleet could be split 
into t w o  strata: vessels with 100% coverage, and vessels w i th  3 0 %  coverage. For vessels 
wi th certified holding bins, determining the weight of partial haul samples from changes in bin 
volume using appropriate correction factors for fish density may be possible, but this method- 
ology is not consistent with VIP requirements. 
While the results of these analyses suggest many potential ways in which the observer 
program could be modified t o  enhance the information obtained, w e  were not able t o  fully 
address logistical constraints nor cost. Managers and participants in these fisheries would be 
the parties possessing the familiarity w i th  the program necessary t o  identify the factors that 
might constrain modifications t o  the existing observer program and t o  prioritize the catch 
parameters of greatest importance and value for managing the affected fish populations. A n  
appropriate follow-on analysis program could, taking into account the catch parameter 
priorities established by the managers, utilize the statistical findings from the analyses w e  
report here in combination with information on costs of each element of the observer program 
t o  develop the optimal means of meeting overall management objectives for all affected fish 
stocks. In addition, it would be appropriate to  have analyses such as these repeated on data 
collected in different years, when stock abundance, composition and distribution might differ 
from that occurring in 1994. Such additional analyses would permit assessment of how robust 
these analytical approaches may be, given annual variability typical for the fisheries 
considered. In estimating catch of individual species and the variance of those estimates 
(Section 3.2.2), we considered four different methods, and considered their merit based on the 
magnitude of the coefficients of variation produced (Figures 4-1 1 and 4-63). The most 
efficient estimator is that which yields the lowest coefficient of variation, assuming that none 
of the estimators are biased. However, the only means of confirming the absence of bias of 
the estimators would be through simulation, w i th  repeated application of each of the 
estimators t o  a data set w i th  a known underlying distribution. 
We offer the following recommendations: 
If it could be demonstrated that the 1994 data are typical for groundfish fisheries, 
our results suggest that statistical procedures should be used for catch 
estimation, in  lieu of the current blend procedure. The advantage of statistical 
estimation of both total groundfish harvest as well as individual species catch is 
that the degree of uncertainty associated w i th  the estimates could be taken into 
account in  tracking cumulative harvest and addressing the need for season 
closures, a consideration not available t o  managers under the current estimation 
protocols. Fisheries managers should evaluate, based on these findings, whether 
the observer coverage of vessels is sufficiently high t o  yield levels of precision 
that satisfy management objectives, and modify coverage as necessary. 
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Complete observer coverage o f  the CDQ pollock fishery should be maintained, 
since any reduction in observer coverage would result in substantial reduction in 
precision of estimates of total groundfish as well as individual species catches. 
Statistical estimation procedures described above should be considered by 
managers for their logistical feasibility. The suggested procedures would provide 
additional types of data for statistical estimation, and could enhance the 
optimization of the observer effort available t o  the program overall. 
Fisheries managers should consider the ratio estimator wi th delta as the preferred 
individual species catch estimation method because of its high efficiency; 
however, since our comparisons among estimation methods do not provide a 
basis for establishing biases inherent in any of the methods, their validity should 
be established through simulations, applying the individual estimation methods t o  
a data set wi th a known underlying distribution. 
Guidelines should be developed for sampling for biological characteristics of catch 
that take into account the differences that exist among regions and among 
biological characteristics. Our results illustrate that observer effort devoted t o  
sampling for species population characteristics could be optimized in terms of 
fraction of hauls sampled and number of fish sampled per haul t o  achieve higher 
levels of precision in estimates of those characteristics than may presently be the 
case. 
It would be appropriate to  repeat analyses such as these on data collected in 
different years, when stock abundance, composition and distribution might differ 
from that occurring in 1994. Such additional analyses would permit assessment 
of how robust these analytical approaches may be, given annual variability typical 
for the fisheries considered; the Fortran programs developed as part of this project 
would allow AFSC t o  conduct these analyses. 
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APPENDIX A 
TABLES OF RESULTS FOR DEMONSTRATION 
FISHERY 1 : POLLOCK TARGET FISHERY 
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Appendix A 
Appendix A includes coefficient of variation output for catch estimates of total catch, 
pollock, Pacific cod, rock sole, chinook salmon, other salmon, and herring. Coefficients of vari- 
ation for total catch estimates are based on the adjusted OTC data set. Coefficients of varia- 
tion for individual species are presented for the standard two-stage estimator and the bycatch 
ratio estimator. 
The species and statistical estimator codes used in the output descriptions are defined 
below: 
plck = pollock 
pcod = Pacific cod 
rsol = rock sole 
chin = chinook salmon 
osal = other salmon 
herr = herring 
T = true and indicates that the estimator was used to  create the corresponding output 
F = false and indicates that the estimator was not used t o  create the corresponding output 
(F for bycatch ratio indicates that the standard two-stage estimator was used) 
s p e c i e s  = t o t a l  c a t c h  
delta = F 
first s t a g e  = vessel 
A-Season 
E s t i m a t e d  c a t c h :  3.8114043+08 
V e s s e l  sample  f r a c t i o n  ( f l )  
. l 0  
.20 
.30 
Haul  .40 
sample  .50 
f r a c t i o n  .60 
( f 2 )  .70 
.80 
.90 
1 . 0 0  
E s t i m a t e d  c a t c h :  
. l 0  
.20 
.30 
Haul  .40  
sample  .50 
f r a c t i o n  .60 
( f 2 )  .70 
.80 
.90 
1 . 0 0  
E s t i m a t e d  c a t c h :  
.l0 
.20 
.30 
Haul  .40 
sample  .50 
f r a c t i o n  .60 
( f 2 )  .70 
.80 
.90 
1 .00  
V e s s e l  sample  f r a c t i o n  ( f l )  
V e s s e l  sample  f r a c t i o n  ( f l )  
spec i e s  = p l c k  
byca tch  r a t i o  = F 
d e l t a  = F 
f i r s t  s t a g e  = v e s s e l  
Est imated ca t ch :  3.6698443+08 
Vesse l  sample f r a c t i o n  ( f l )  
. l 0  
.20 
.30 
Haul .40 
sample .50 
f r a c t i o n  .60 
(f2)  .70 
.80 
.90 
1 .00  
CDQ-f i s h e r y  
Est imated ca t ch :  5088148.000000 
Vesse l  sample f r a c t i o n  ( f l )  
. l 0  
.20 
.30 
Haul .40 
sample .50 
f r a c t i o n  .60 
(f2) .70 
.80 
.90 
1.00 
B-Season 
Es t imated  ca t ch :  
. l 0  
.20 
.30 
Haul .40 
sample .50 
f r a c t i o n  .60 
(f2)  .70 
-80 
.90 
1.00 
Vesse l  sample f r a c t i o n  ( f l )  
species = plck 
bycatch ratio = T 
delta = T 
first stage = vessel 
Total catch: 
Species catch: 
Ratio: 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Total catch: 
Species catch: 
Ratio: 
Vessel sample fractj 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Total catch: 
Species catch: 
Ratio: 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
species = pcod 
bycatch ratio = F 
delta = F 
first stage = vessel 
Estimated catch: 7367710.000000 
Vessel sample fracti .on (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Estimated catch: 
Vessel sample fractj .on (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
B-Season 
Estimated catch: 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample -50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
species = pcod 
bycatch ratio = T 
delta = T 
first stage = vessel 
Total catch: 3.8114043+08 
Species catch: 9397556.000000 
Ratio: 2.4656423-02 
Vessel sample fraction (fl) 
.l0 .5499 
.20 .5129 
.30 .4999 
Haul .40 .4933 
sample .50 .4893 
fraction .60 .4866 
(f2) .70 .4847 
.80 .4833 
.90 .4821 
1.00 .4812 
Total catch: 5959756.000000 
Species catch: 130474.300000 
Ratio: 2.1892563-02 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Total catch: 4.004679Et08 
Species catch: 8701563.000000 
Ratio: 2.1728493-02 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
species 5 rsol 
bycatch ratio = F 
delta = F 
first stage = vessel 
A-Season 
Estimated catch: 3720106.000000 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Estimated catch: 19834.000000 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
 season 
Estimated catch: 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Vessel sample fraction (fl) 
species = rsol 
bycatch ratio = T 
delta = T 
first stage = vessel 
Total catch: 3.8114043+08 
Species catch: 1.3169673+07 
Ratio: 3.4553343-02 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Total catch: 
Species catch: 
Ratio: 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
Total catch: 
Species catch: 
Ratio: 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
species = chin 
bycatch ratio = F 
delta = F 
first stage = vessel 
Estimated catch: 13851.350000 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
CDQ-fishery 
Estimated catch: 47.783330 
Vessel sample fraction (fl) 
.l0 
-20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
-90 
1.00 
B-Season 
Estimated catch: 
Vessel sample fraction (fl) 
-10 
.20 
-30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
species = chin 
bycatch ratio = T 
delta = T 
first stage = vessel 
Total catch: 
Species catch: 
Ratio: 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Total catch: 
Species catch: 
Ratio: 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
-90 
1.00 
Total catch: 
Species catch: 
Ratio: 
Vessel sample fraction (fl) 
.l0 .20 .30 .40 .50 .60 .70 .80 .90 1.00 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
s p e c i e s  = o s a l  
b y c a t c h  r a t i o  = F 
d e l t a  = F 
f irst  s t a g e  = vessel 
E s t i m a t e d  c a t c h :  497.138300 
V e s s e l  sample  f r a c t i o n  ( f l )  
. l 0  1 .4714 
.20 1 .2417 
.30 1 .1551  
Haul .40  1 .1092 
sample  .50  1 .0807  
f r a c t i o n  .60  1 .0613  
( f 2 )  .70 1 .0472 
.80 1 .0366 
.90  1 .0282 
1 . 0 0  1 .0214 
CDQ-fishery 
E s t i m a t e d  c a t c h :  78.333330 
V e s s e l  sample  f r a c t i o n  ( f l )  
. l 0  .20 .30 .40 .50 .60  .70 .80 .90 1 . 0 0  
. l 0  
.20 
.30 
Haul .40  
sample  .50  
f r a c t i o n  .60 
( f2)  .70 
.80 
.90 
1 . 0 0  
B-Season 
E s t i m a t e d  c a t c h :  37992.850000 
V e s s e l  sample  f r a c t i o n  ( f l )  
. l 0  1 .1130  
.20 1 .0094  
.30 .g725 
Haul .40 .g534 
sample  .50 .g418 
f r a c t i o n  .60 .g340 
( f2 )  .70 .g284 
.80 .g242 
.90 .g209 
1 . 0 0  .g182 
species = osal 
bycatch ratio = T 
delta = T 
first stage = vessel 
Total catch: 
Species catch: 
Ratio: 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Total catch: 
Species catch: 
Ratio: 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Total catch: 
Species catch: 
Ratio: 
Vessel sample fraction (f l) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
s p e c i e s  = h e r r  
b y c a t c h  rat io = F 
delta = F 
f irst  stage = vessel 
A-Season 
E s t i m a t e d  catch: 961.889200 
V e s s e l  sample  f r a c t i o n  ( f l )  
. l 0  5 .0878 
.20 3 .6725 
.30 3 .0585 
Haul  .40 2.6996 
sample  .50  2 .4593 
f r a c t i o n  .60 2 .2851 
( f2)  .70 2.1520 
.80 2.0466 
.90 1 .9606 
1 . 0 0  1 .8890 
E s t i m a t e d c a t c h :  41279.610000 
V e s s e l  sample  f r a c t i o n  ( f l )  
. l 0  
.20 
.30 
Haul  .40 
sample  .50 
f r a c t i o n  .60 
( f2)  .70 
.80 
.90 
1 .00  
E s t i m a t e d  c a t c h :  562725.900000 
V e s s e l  sample  f r a c t i o n  ( f l )  
. l 0  
.20 
.30 
Haul  .40 
sample  .50 
f r a c t i o n  .60 
( f2 )  .70 
.80 
.90 
1 .00  
species = herr 
bycatch ratio = T 
delta = T 
first stage = vessel 
Total catch: 
Species catch: 
Ratio: 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f21 .70 
.80 
.90 
1.00 
Vessel sample fraction (fl) 
Total catch: 5959756.000000 
Species catch: 13582.500000 
Ratio: 2.2790373-03 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Total catch: 4.0046793+08 
Species catch: 785532.600000 
Ratio: 1.9615373-03 
Vessel sample fraction (fl) 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
APPENDIX B 
TABLES OF RESULTS FOR DEMONSTRATION 
FISHERY 2: YELLOWFIN TARGET FISHERY 
\ ! ~ ~ e ~ : ~ m ~ M c .  Appendix B 
Appendix B includes coefficient of variation output for catch estimates of total catch, 
yellowfin sole, pollock, Pacific cod, halibut, bairdi crab, other Tanner crab, red king crab, and 
other king crab. Coefficients of variation for total catch estimates are based on the adjusted 
OTC data set. Coefficients of variation for individual species are presented for the standard 
two-stage estimator and the bycatch ratio estimator. 
The species and statistical estimator codes used in the output descriptions are defined 
below: 
ysol = yellowfin sole 
plck = pollock 
pcod = Pacific cod 
halb = halibut 
bdcb = bairbi crab 
otan = other Tanner crab 
rkcb = red king crab 
okcb = other king crab 
T = true and indicates that the estimator was used t o  create the corresponding output 
F = false and indicates that the estimator was not used t o  create the corresponding output 
(F for bycatch ratio indicates that the standard two-stage estimator was used) 
species = to ta l  catch 
del ta  = F 
f i r s t  stage = vessel  
Estimated catch: 2.0908773+08 
Vessel sample fraction ( f l )  
. l 0  
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1 .00  
species  = yso l  
bycatch ra t io  = F 
de l ta  = F 
f i r s t  stage = vessel  
Estimated catch: 1.2200673+08 
. l 0  
.20 
.30 
Haul .40 
sample .50 
fract ion .60 
(f2) .70 
.80  
.90 
1.00 
Vessel sample fraction ( f l )  
species = ysol 
bycatch ratio = T 
delta = T 
first stage = vessel 
Total catch: 
Species catch: 
Ratio: 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Vessel sample fraction (fl) 
species = plck 
bycatch ratio = F 
delta = F 
first stage = vessel 
Estimated catch: 4.2129433+07 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Vessel sample fraction (fl) 
species = plck 
bycatch ratio = T 
delta = T 
first stage = vessel 
Total catch: 
Species catch: 
Ratio: 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Vessel sample fraction (fl) 
species = pcod 
bycatch ratio = F 
delta = F 
f i r s t  stage = vessel 
Estimated catch: 1.888493E+07 
Vessel sample fraction ( f l )  
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction -60 
(f2) .70 
.80 
.90 
1.00 
species = pcod 
bycatch ratio = T 
delta = T 
first stage = vessel 
Total catch: 
Species catch: 
Ratio: 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Vessel sample fraction (fl) 
species = halb 
bycatch r a t i o  = F 
del ta  = F 
first stage = vesse l  
Estimated catch : 754767. 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Vessel sample fraction ( f l )  
species  = halb  
bycatch r a t i o  = T 
d e l t a  = T 
f i r s t  s t age  = vessel  
Total  ca tch:  2.0908773+08 
Species ca tch:  790307.800000 
Ratio: 3.7797903-03 
Vessel sample f r a c t i o n  (fl) 
.l0 .6585 
.20 .5546 
.30 .5153 
Haul .40 .4945 
sample .50 .4816 
f r a c t i o n  .60 .4728 
(f2) .70 .4 664 
.80 .4616 
.90 .4577 
1.00 .4547 
s p e c i e s  = bdcb 
bycatch  r a t i o  = F 
d e l t a  = F 
first s t a g e  = vessel 
Est imated catch: 1188340.000000 
V e s s e l  sample f r a c t i o n  ( f l )  
. l 0  . 2 0  .30  . 4 0  .50  .60  .70  . 8 0  . 9 0  1 . 0 0  
. l 0  .7707 
. 2 0  .7422 
. 3 0  .7325 
Haul . 4 0  .7275 
sample - 5 0  .7246 
f r a c t i o n  . 6 0  .7226 
( f 2 )  . 7 0  .7212 
. 8 0  .7201 
- 9 0  .7193 
1 . 0 0  .7186 
species = bdcb 
bycatch ratio = T 
delta = T 
first stage = vessel 
Total catch: 2.0908773+08 
Species catch: 1175839.000000 
Ratio: 5.623662E-03 
Vessel sample fraction (fl) 
.l0 , .6060 
.20 .5687 
.30 .5557 
Haul .40 .5491 
sample .50 .5451 
fraction .60 .5424 
(f2) .70 .5404 
.80 .5390 
.90 .5379 
1.00 .5370 
species =; otan 
bycatch rat io  = F 
delta  = F 
f i r s t  stage = vesse l  
Estimated catch: 8493579.000000 
Vessel sample fraction ( f l )  
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
spec i e s  = o t an  
bycatch r a t i o  = T 
d e l t a  = T 
f i r s t  s t a g e  = v e s s e l  
Tota l  c a t ch :  
Spec ies  c a t c h :  
Ratio:  
. l 0  
.20 
.30 
Haul .40 
sample .50 
f r a c t i o n  .60 
( f 2 )  .70 
.80 
.90 
1 .00  
Vessel sample f r a c t i o n  (fl) 
species = rkcb 
bycatch ratio = F 
delta = F 
first stage = vessel 
Estimated catch: 16232.220000 
Vessel sample fraction (fl) 
.l0 1.5920 
.20 1.3583 
.30 1.2708 
Haul .40 1.2248 
sample .SO 1.1963 
fraction .60 1.1769 
(f2) .70 1.1629 
.80 1.1522 
.90 1.1439 
1.00 1.1372 
species = rkcb 
bycatch ratio T 
delta = T 
first stage = vessel 
Total catch: 
Species catch: 
Ratio: 
.l0 
.20 
.30 
Haul .40 
sample .50 
fraction .60 
(f2) .70 
.80 
.90 
1.00 
Vessel sample fraction (fl) 
s p e c i e s  = okcb 
bycatch r a t i o  = F 
d e l t a  = F 
f i r s t  s t a g e  = v e s s e l  
Estimated c a t c h :  12318.940000 
Vesse l  sample f r a c t i o n  ( f l )  
. l 0  
.20  
. 3 0  
Haul . 4 0  
sample . 5 0  
f r a c t i o n  .60 
(f2) .70 
.80 
.90  
1 . 0 0  
species = okcb 
bycatch ratio = T 
delta = T 
first stage = vessel 
Total catch: 
Species catch: 
Ratio: 
Vessel sample fraction (fl) 
.l0 1.5178 
.20 1.3192 
.30 1.2459 
Haul .40 1.2076 
sample .SO 1.1841 
fraction .60 1.1681 
(f2) .70 1.1565 
.80 1.1478 
.90 1.1410 
1.00 1.1355 

